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Introduction

The Uranium Mill Tailings Remedial Action (UMTRA) Project designed and constructed 18 disposal
cells and one vicinity property cell using a “design based approach.” Under the Uranium Mill Tailings
Radiation Control Act of 1978, 42 United States Code §&@&kq.the U.S. Environmental Protec-

tion Agency promulgated compliance standards for the disposal cells. Using the Environmental Pro-
tection Agency standards, the U.S. Department of Energy (DOE) developed the Project’s “design based
standards” used for the design of each disposal cell.

This Uranium Mill Tailings Remedial Action Project Disposal Cell Design SumiRaportis a com-
panion document to thedMTRA End-of-ProjecReport although both documents were written to
function as “stand-alone” documents.

This report describes why the UMTRA cells were designed and constructed as they were. This report

does not concentrate on what was done at each site during construction, or how many cubic yards of
contaminated material was moved, because these UMTRA “statistics” are thoroughly covered by the

End-of-ProjecReport Without the institutional knowledge of why these cells were designed and built

as they were, future generations of long-term surveillance and maintenance personnel may mistakenly
judge that problems have developed. Understanding site-specific design issues and reasoning will help
optimize long-term surveillance and maintenance efforts.

There isn’'t a standard UMTRA Project disposal cell design. UMTRA disposal cells were designed

specifically to perform properly, each on its individual site. The design goals in effect during the

UMTRA Project’s 20-year life changed periodically to accommodate changes in the Environmental

Protection Agency’s standards, as well as political, economic, environmental, and technical condi-
tions. The UMTRA Project Team design and construction personnel’s experience increased with time.
Past experiences, or lessons learned, caused significant changes in later UMTRA cell designs.
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Design Based Approach

Environmental Protection Agency On January 11, 1995, the Environmental Protec-
Standards tion Agency published a final rule for ground water

standards for remedial actions at inactive uranium
The Uranium Mill Tailings Radiation Control Actprocessing sites. The standards consist of two
of 1978, Section 108(a)(3), requires that the renfearts: the first part governs the control of any fu-
dial action at the designated inactive uranium prigwe ground water contamination that may occur
cessing sites comply with standards establishedftgm tailings piles after remedial action, and the
the U.S. Environmental Protection Agency.  second part governs the cleanup of contamination
ground water that occurred before the remedial
On January 5, 1983, the Environmental Protectiantion of the processing site.
Agency promulgated final standards in Title 40 of
the Code of Federal Regulations Part 192, Subesign Based Instead of Performance
parts A through C. The standards became eff¢ggage(
tive March 8, 1983. However, on September 3,
1985, the U.S. Court of Appeals for the Tenth CidMTRA disposal cells were designed using a “de-
cuit remanded the ground water provisions of tlsggn based standard” and not a “performance based
regulations to the Environmental Protectiostandard”. Many former and current examples of
Agency. On September 24, 1987, a proposed design based standards may be seen in the build-
vision to the standards was issued by the Envirang industry in the United States. For example, a
mental Protection Agency (52 Federal Registsteel-framed building is designed in the United
36000). The selection for the location of the pr&tates using the American Institute of Steel Con-
posed disposal sites and the design of the dispagaliction (AISC) Specifications. All of the
cells followed these proposed standards until theilding’s beams and columns are sized and speci-
final rule was published. fied using equations and tables included in the cur-
rent edition of the AISC Steel Manual. The
The design standards may be summarized as falilding’s floors are designed for standard maxi-
lows: mum office or storage area loading, the building
code’s maximum design earthquake for the city
e The disposal site shall be designed to cont@id state where it is located. Steel members are
the tailings and other residual radioactive maanufactured and fabricated in conformance to
terial for 1,000 years to the extent reasonalyher AISC Standards. After the building is fully
achievable and, in any case, for at least 20@signed and constructed in accordance to all ap-
years. plicable building codes and industry standards, the
owners or tenants move in and conduct their busi-
e The disposal site design shall provide reasafess. No one performs a full-scale load test on the
able assurance that releases of radon-222 fregimpleted building to prove that it will perform
residual radioactive materials to the atm@yroperly. If the entire structure and all of its sys-
sphere will not exceed 20 picocuries p@ems were designed and constructed in conform-
square meter per second averaged over Hite with applicable codes and inspected during
entire surface of the disposal cell, or increaggnstruction to prove conformance with the build-

the annual average concentration of radoifrg codes, the job is completed when the building
222 in air at any location outside of the diss finished.

posal site by more than 0.5 picocuries per liter.



Performance based standards on the other handterials from the processing site and the place-
involve final constructed performance of the prodrent of the contaminated materials in the embank-
uct. For example, a race car may be specifiednb@nt with its protective cover at the disposal site.
reach a top speed of 200 miles per hour (320 kilbhe completion report also contains all of the de-
meters per hour) in 10 seconds or less. It hassign changes that were made during construction.
accelerate in a controllable, safe manner, but fhlee long-term surveillance plan documents the
measure of its success is determined when a tesimpleted disposal site’s surface features (i.e., lo-
driver climbs into the cockpit and tests the vehicleation of fences, warning signs, markers, etc.) that
If it achieves the specified performance, it is apay require periodic surveillance and maintenance
proved, if it doesn’t achieve specified performandeom the Department of Energy during the life of
it is not approved. the cell.

The DOE Albuquerque Operations Office, EnviFhe Department of Energy, Nuclear Regulatory
ronmental Restoration Division, and its contra€ommission and the appropriate state or tribal
tors the Technical Assistance Contractor (Jacaugency approves the remedial action plan. The
Engineering Group, Inc., Roy F. Weston, Inc., amdmpletion report and the long-term surveillance
AGRA Earth and Environmental) and the Remefan are approved by the Department of Energy
dial Action Contractor (MK Ferguson Companyand the Nuclear Regulatory Commission.

and Morrison Knudsen Environmental) developed

the UMTRA Project’s design standard, publishedl bibliography of these site documents is included
in theTechnical Approach Documerithis docu- at the end of this report.

ment was reviewed and concurred upon by the

Project’s regulator, the U.S. Nuclear Regulatofyisposal Cell Design Principles
Commission. It was agreed that if UMTRA dis-

posal cells were designed and constructed in &ring the early years of the project, general
cordance with methods and procedures includgfTRA disposal cell design principles were de-
in the Technical Approach Documerdnd if in- yeloped by the Project team using available scien-
spection and testing during construction confirmefic, civil engineering, geotechnical engineering,
conformance with these “standards”, then the cedid nuclear health physics principles. Cell designs
would be accepted as complete and licensed \p#re planned to contain solids, gases, and liquids.
the Nuclear Regulatory Commission. The major objectives of an UMTRA cell design,
Di | Cell R t as stated in the Environmental Protection Agency

ISposal Lell Reports regulations for the UMTRA Project (40CFR192),
For each of the 18 UMTRA disposal cells and thvere to: provide stable long-term encapsulation of
one vicinity property disposal cell, design and coresidual radioactive material including uranium
struction plans, and construction verification docmill tailings and contaminated mill facilities and
ments were produced. The three primagguipment (solids); reduction of radon emanations
documents for each cell are the remedial actigases) to below regulatory levels; and protection
plan, the completion report and the long-term swf the ground water from pore water moving
veillance plan. through the tailings (liquids).

The remedial action plan contains the basis ai¢hen the term “long-term protection” is used with
approach for the remedial action, and it includéggard to a design basis, the term generally refers
the design drawings and specifications for the f®-a design standard based on extreme conditions
mediation of the processing site and the construequired to satisfy the mandated 1000-year crite-
tion of the disposal cell. The completion reporta. A few examples of such extreme design con-
documents the health physics monitoring for tltBtions include the Probable Maximum
removal of the contaminated residual radioactivrecipitation (PMP) (which is precipitation from



a storm estimated to have the greatest probatéer applied due to the much greater difficulty in
rainfall intensity and amount for a given regiorghowing compliance via atmospheric modeling,
for erosion protection designs, the coldest winteompared with the surface emission rate standard.)
projected to occur in the next 200 years for froktwas decided to use a compacted clay layer, called
protection barrier design, and the maximum cretthe radon barrier, to control diffusion of radon gas
ible earthquake (MCE) for insuring the stability afo the atmosphere. This clay radon barrier was
the disposal cell’s side slopes. The 1000-year dkesigned conservatively, assuming future drying
sign life criterion also prevented the use of amyf the layer to a minus 15 bar capillary moisture
man-made materials in the cell designs except tmmtent. The radon barrier was designed to be pro-
temporary control, and it precluded the reliance tected from water and wind erosion by use of a

active control measures. rock “riprap” layer or a partially vegetated cover
i . and at some sites it was protected from desicca-
Solids Containment tion and freeze-thaw by a “freeze-thaw” barrier

Solids containment refers to the need to keep {ﬁger.

cpntaminated materials in place _by resisting eregntrol of Liquids

sion and other forces that could displace the mate-

rials. The standard for solids containment requir€sntrol of liquids refers to reducing to acceptable
stability for 1000 years where reasonably achielevels the escape of potentially contaminated lig-
able, and in any case for at least 200 years. dids containing contamination from the disposal
provide containment of the tailings’ solids, coreells . The primary focus was long-term ground
sideration was given first to geologic site stabilitywater protection, although control during construc-
(surface water runoff erosion, river/stream floodion was also a design requirement. The initial stan-
ing erosion, landsliding, and settlement). The didards for ground water protection were remanded
posal cell's surface layers and slopes were desighgdhe courts during the early stages of the UMTRA
to resist wind and rain erosion, and ensure slogp®ject, which resulted in a change to more con-
stability both during construction and in long-terraervative disposal concepts at the sites that had not
service with earthquakes. The ground beneatlyed been constructed. Revised standards were pro-
disposal cell was analyzed for foundation stabiliposed which were more stringent than the initial
(i.e. bearing capacity) and settlement before castandards. These proposed standards were used
struction. The cell was analyzed for settlement batk the design basis for the remainder of the project.

during and after construction. Disposal cell cov- | method dt rol leachat
ers were also designed to resist biointrusion B¢Veral methods were used to control leachate con-

plants and animals, and to resist cover crackifjnination of ground water and surface water on

due to desiccation, settlement stresses, and fre¢dg-UMTRA Project. Water used during cell con-
thaw cycles. struction (for dust control and maintenance of op-

timum soil moisture content) was strictly controlled
Control of Radon Gas to avoid future build up of transient drainage wa-

ter in the bottom of the cell. The term “transient
One of the major, early considerations of UMTRArainage” was used to differentiate short-term seep-
cell designers was control of radon gas emanatioage from disposal embankments from long-term
Regulations required that radon emissions from theepage, which was expected to occur at smaller
contaminated materials be controlled to be less tifates than short-term seepage. The low permeabil-
20 picocuries per square meter per second avty<clay cover layer (radon barrier) that was placed
aged over the entire surface of the disposal siwer the waste material to control radon emana-
(An alternative standard allowed the possibility dfon also controlled the seepage of precipitation
using radon concentrations in air at the site bounwater into the completed cell. Several innovative
ary to show compliance, but this standard wégchniques were employed to remove water from



completed cells or control transient drainage fathe base of the disposal cell. As landfill technol-
mation during the early life of a disposal cell untdgy progressed in the 1980s, capillary breaks found
long-term moisture equilibrium in the disposal cefl new use in cover designs. The placement of a
was established. capillary break between an upper cover soil layer
and a lower, less permeable layer could help im-
prove cover performance. An important function
Consistent design procedures were developeddfya near surface capillary break was to break the
the UMTRA Project Technical Assistance Corconnection between the upper soil and lower cover
tractor and Remedial Action Contractor, and welayers; this can retard or stop matric suction in the
concurred upon by the UMTRA regulators at tHewer layer from drawing seepage downward into
Nuclear Regulatory Commission. In 1989, a fintthe cell. On a slope, capillary breaks can reduce
project Technical Approach Documentas pre- the area of breakthrough of seepage from the up-
pared. Although the design procedures used wees layer. Lastly, the capillary break impedes root
well defined and consistent, each UMTRA site wg@enetration to a degree. Capillary breaks were con-
unique, resulting in a different cover and cell dstructed between the frost barrier layer and the ra-
sign at each disposal site. For each disposal ckih/infiltration barrier at several later UMTRA
the Remedial Action Contractor developed desidtioject sites.

basis memoranda for the design criteria and spe-

cific design approaches that would be used lttse of powdered bentonite clay amendment to re-
achieve a design that would be in conformance withice the permeability of radon barrier layers, use
the Technical Approach Documem summary of vegetated covers versus rock covers, and pre-
of the UMTRA project cover designs is presentaantion of biointrusion on the UMTRA Project
in Table 1. Typical cover layers most frequentlgrogressed considerably from the beginning site
used in UMTRA designs were provided for erdCanonsburg, Pennsylvania) to the last site
sion resistance, frost penetration resistance, ghMhybell, Colorado). Examples of the evolution
radon/infiltration control. Special layers were pr@f UMTRA disposal cell design and reasons be-
vided as capillary breaks and biointrusion contrdlind “why” changes were made are discussed for
Figure 1 shows these layers in an illustrative crosach disposal site in the following section of this
section, highlighting many of the key componentsport.

of UMTRA disposal cells.

Design Procedures

Placement of organic materials such as wood, pa-
Special Features of the UMTRA per, topsoil, or hydrocarbons in UMTRA disposal

Embankment and Cover Design cells was strictly limited and controlled during
construction. Placement of organic materials in

Site-specific circumstances often required the uidatively large concentrated “pockets” was pre-
of special features that were not typically usedented to avoid impacts of over cracking from
These circumstances included climate, technologycessive settlement of organic materials.
development, and local stakeholders’ concerns.

Capillary breaks are a particular example of tt8ynthetic liners, used to form an impermeable bar-
evolution of cover layer designs for the UMTRAier beneath on-site retention ponds used during
Project. At the time of the Canonsburg, Pennsglenstruction, were discarded in the disposal cells,
vania site design, capillary breaks were generaligcause these liners were radiologically contami-
considered to be layers that were used to retardtiaged. The discarded synthetic liners were cut
upward movement of ground water into the digito strips and placed near the center of the dis-
posal cell. The relatively close proximity of segrosal cells so as to not impact side slope stability
sonal ground water at the Canonsburg site to thredivert seepage out of the face of a slope.
bottom of the disposal cell led to the construction

of a capillary break below a clay liner placed at



A special feature that was not typically used was
geosynthetic materials. The status of evidence
during the project was not sufficient to show that
synthetic materials would meet the standard for
long-term performance. Synthetic materials were
used in some cases, but were not required by design
to maintain their properties for 200 to 1,000 years.
Examples of geosynthetics used at disposal sites
include the following:

Canonsburg — geotextile used to improve
constructibility of the capillary break layer

Durango — geotextile used in a geosynthetic
clay liner to deploy a thin layer of bentonite

Rifle — geomembrane placed in the bottom
of the cell to collect and control transient
drainage

Falls City — geotextile used to improve
constructibility of radon infiltration barrier
over a small area of the embankment side
slope where tailings slimes were exposed
during construction.



TABLE |

UMTRA TITLE | CONSTRUCTED COVER DESIGNS

Freeze/Thaw Bedding Special Layers,
Site Barrier, Layer, Erosion Protection, Rock or Capillary Break,
Radon Barrier Material/Thickness Material/ Thickness Vegetation Bio-intrustion , etc.
(ft) Thickness (ft) (ft) (ft)
(ft)
Incorporated
Ambrosia Lake, NM Clay, 2.5' in Radon 0.5' Riprap: Top, 0.5, Sides, 1.0 None
Barrier
Burrell, PA Clay, 3.0' None 1.0' Rock, 1.0' None
. . . . Incorporated . . )
Canonsburg, PA Layer A: Clay, 2.0', Lay_er B: cllay amended with in Radon 0.75 Selec_:t Grgwth Med|la S_O|I, 1.0 t?ver None
bentonite, 1.0 Barrier Riprap: Top, 1.0', Sides, 2.0
Top Slope: clay, 2.0|,a§1/r:: geotextile bentonite Sides: clay, 1.5' Capillary Break
Durango, CO Side Slope: clay, 2.0 ', top 1.5' clay amended with ' 15 . 0.5 Sides, Riprap, 1.0' Top, Vegetated | and Bl_o-lntru5|on
b ; Top: clay, 2.5 Barrier Layer
entonite
. \ 0.5' Topsoil; .
Falls City, TX 'I_'op. . Clay, 3.0 , 2.5' Silty Clay Tc_)p, Nonel, Top Vegetated; Sides, Riprap, 1.3' None
Sides: Clay, 2.0 : Sides, 0.5
Growth Media
Grand Junction, CO Clay, 2.0 Top: clay, 2.0' 0.5' Riprap, 1.0' None
Green River, UT Clay, 3.0' None 0.5 Riprap, 1.0’ None
Gunnison, CO Clay amended with bentonite, 1.5 Clay, 6.0’ 0.5' Riprap: Top, 0.5', Sides, 1.0’ 0.5' Capillary Break
Lakeview, OR Clay, 1.5' None 0.5 Top, ROC"'SRO." Matrix, 1.0% Sides, None
iprap, 1.0
Lowman, ID Clay, 1.5' None 0.5' Riprap, 1.0' None
Maybell, CO Sandy silt amended with bentonite, 1.5' Sanfyélsnt, 0.5' Riprap: 1' Top and Sides None
Mexican Hat, UT/
Monument Valley, Clay amended with bentonite, 2.0' None 0.5' Riprap: Top, 0.67'; Sides, 1.0' None
AZ
Naturita, CO Clay, 3.0° Clay, 5.5' 0.5' Riprap, 1.0' None
Filter Layer
. Clay, 1.5" the upper 1.0', clay amended bentonite, | Clay, 6.8' - \ . , between Radon
Rifle, CO the lower 0.5' clay 18.6' 0-5 Riprap, 1.0 Barrier & Frost
Barrier, 0.5'
Shiprock, NM Clay, 6.4' (top), 7.0' (sides) None 0.5' Riprap, 1.0' None
Salt Lake City, UT Clay, 7.0' None 0.5' Riprap, 1.5' None
Slickrock, CO Clay, 1.5' Clay, 2.0’ 0.5' Riprap: Top, 0.67'; Sides, 1.0’ None
. 10.0' High
Spook, WY Clay, 1.5 N/A N/A N/A permeabilty laver
Tuba City, AZ Silty clay, 3.5' None 0.5' Riprap: Top, 0.5'; Sides, 1.0' None

* Clean fill dikes in place of radon barrier on side slopes.




Clay Radon/Infiltration Barrier

Sandy Filter Layer

Drainage Ditch

Erosion Protection
Rock Layer

O

lllustrative Cross-Section, Highlighting Many
of the Key Components of UMTRA Disposal Cells

Figure 1
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Ambrosia Lake, New Mexico

Site Description Site Specific Cell Design Features

The former Ambrosia Lake mill and tailings sit®Reduce Area of Cell

is located in McKinley County in northwest New

Mexico approximately 85 miles (137 kilometerdpuring the early stages of design for the Ambrosia
northwest of Albuquerque. The residual radioatake cell there were concerns about reducing the
tive material pile left after processing covered aprea of the cell by relocating a portion of the tail-

proximately 105 acres (42 hectares). ings on top of the existing pile. The weight of
relocated tailings and of wind-blow materials
Cell Dimensions placed on top of wet tailings materials located in

the existing pile could cause settlement problems.
The residual radioactive material was stabilized But there was a strong economic incentive to build
place. The disposal cell is located on gently slopp the Ambrosia Lake cell and reduce the area of
ing land and is rectangular in shape. The cell riges“foot print”.
some 50 feet (15 meters) above the surroundiigthe UMTRA Project progressed, it became ap-
terrain and is approximately 2,500 feet (760 metepgrent that cover costs could be a significant part
long by 1,600 feet (490 meters) wide. It is apf the total remedial construction cost. Materials
proximately 65 feet (20 meters) deep from its higfer covers tended to cost more than earlier expected
est to its lowest point. The final disposadue to the following factors:

embankment covers 87 acres (35 hectares).
High quality rock required for erosion pro-

tection riprap and graded filters (i.e. bedding
layers) on disposal cells and in drainage

An ll_ee ine
n (close
————————————

Area of demolition
debris burial pit

®

500 0 500 1000 Feet
I e ——

100 0 100 200 300 Meters
= —— ]




ditches often was not readily available.  drains to dissipate consolidation-induced pore

water pressures and staged construction that al-
Low permeability soils needed to construtdwed most settlement to occur before the radon
radon barriers often did not occur in relativelgarrier was constructed. However, the options
uniform deposits thus requiring selective exconsidered were either too costly or not practicable
cavation. from a scheduling viewpoint.

Construction and quality control efforts wer&nowledge of the layering of tailings deposits and
required to meet stringent standards set tyeir behavior (i.e. coarser grained material
Environmental Protection Agency and othinterlayered with finer grained material which al-
ers. lows significant horizontal drainage of consolidat-
ing layers) indicated the likelihood that full-scale
It became apparent to project designers that a casttlements would occur much faster than estimated
trade-off existed between the cost to camesitu by the conventional consolidation-theory calcula-
tailings and the cost to consolidate the tailings intions. The key issue was the use of laboratory test
a smaller area to reduce the disposal cell codata from small samples and the assumptions of
costs. A cost trade-off analysis was made for tdeainage conditions in the analysis. Furthermore,
Ambrosia Lake embankment. The Ambrosia Lakikere were no practical means of obtaining suffi-
tailings pile had areas of tailings that were relaient data to modify the properties and drainage
tively thin. The cost of relocating subpile matereonditions for the full-scale facility.
als contaminated by the overlying tailings was also
considered. Additionally extensive settlememt decision was made to construct and monitor two
analyses and field settlement load tests were test embankments to either justify a large cost and
quired to verify that excessive settlement and ashedule savings by allowing single-stage con-
sociated cover cracking would not occur. Usingjruction, or at worst, to show that a more costly
this approach, the size of the final embankmespproach was required. The two test embankments
was optimized. were constructed and numerous measurements
were made to record settlements, pore water pres-
Test Embankments for Settlement Measuremestses, and total stresses. The embankments were
large enough to simulate full-scale construction 20
Ambrosia Lake was the first UMTRA Project sitéeet (6 meters) high and 200 feet (60 meters) square
where the issue of post-construction settlemeaattthe base. A reanalysis was made to adjust ear-
became a major issue. Previously, a small partief calculations to fit the observed field measure-
the Shiprock embankment was scheduled for canents.
struction and settlement was monitored to check if
consolidation settlements occurred rapidly followFhe reanalysis confirmed that most embankment
ing placement of overlying fill. However, this apeonsolidation settlement occurred rapidly after
proach was not viable at the Ambrosia Lake sipbacement of the fill. The part of the consolida-
because the size of the embankment that wouldtioe settlement that would affect the cover layers
affected by post-construction consolidation settleeuld be estimated more accurately and showed
ment was too large. Using reasonably conserthat cracking of the radon/infiltration barrier was
tive assumptions and laboratory test data, estimategikely to occur. A decision was made to pro-
of post-construction settlement based on consaleed with single-stage construction. As additional
dation calculations for the Ambrosia Lake embankenfirmation, settlement measurements were made
ment were large enough that cracking of the radahuring the full-scale construction. The measure-
infiltration barrier was predicted. Various soluments during construction confirmed the predicted
tions were considered, including prefabricategpver settlement.




Construction of two test embankments enabled the Large swale cross-sections that could be par-
cost and schedule for the Ambrosia Lake embank- tially filled with sediment over time without
ment to be dramatically reduced. The experience causing flows to impinge on the embankment.
at Ambrosia Lake also facilitated design and con-

struction at other sites such as Falls City, Texas;- A check to confirm that riprap on the embank-
Mexican Hat, Utah; and Maybell, Colorado. At  ment side slopes would be stable in the event
those sites, it was only necessary to monitor settle- that sediment accumulations in the swales
ment during construction. Thus, the UMTRA  over time caused flows to impinge on the em-
Project realized substantial savings from the Am-  bankment.

brosia Lake experience. )
P High Quality Riprap Used at Ambrosia Lake

Use of Swales Rather Than Riprap-Lined Ditches

The use of high quality basalt rock for riprap helped
The size of the Ambrosia Lake embankment aneduce the required rock quantities. In addition, the
the drainage area up-slope from the embankmeny climate at the site and gentle grades suggested
created the potential for large flood flows at that a one-foot-thick (0.3 meter) riprap layer was
toe of the embankment under probable maximumot needed on the top slope of the embankment.
precipitation (PMP) rainfall events. The use ®equired particle sizes were also small enough to
riprap-lined ditches for diversion of flows aroundit within a layer thinner than one foot (0.3 meter).
the embankment would have resulted in high cofteoject experience with placing and “track-walk”
for construction. Since the Ambrosia Lake site wasmpacting the rock to a tight, rather smooth sur-
relatively flat, and the area was large, a decisiface, indicated that riprap layers could be placed
was made to use broad swales instead of narmithin relative small tolerances. This combina-
ditches. Use of swales reduced cost and allowtgah of factors led to a decision to use a 6-inch (15
for greater flexibility, which became critical dueentimeters) thick rock layer on the top slope of
to unexpected conditions. Practically speaking, ttkee embankment.
most critical ditch section often controls the entire
riprap gradation design. Revisions to riprap gr®ebris Disposal
dations during construction can be costly and im-
practical, especially when the required rock siz&€se Ambrosia Lake site contained many former
are not locally available. Unlike a site using riprapill and operations buildings. Since most of these
rock-lined ditches, when unexpected additionblildings were contaminated, disposal in a con-
excavation for contaminated materials was requirgdlled area was required. The most contaminated
at the Ambrosia Lake site, the swale grades amhebris was placed in the tailings embankment while
elevations were easily adjusted to minimize addilightly contaminated or uncontaminated debris
tional earthwork while meeting the hydraulic dewas disposed of in a separate disposal pit located
sign criteria for the swales. The fact that onlyortheast of the tailings embankment. Long-term
earthwork changes were required, made the dessgittlement in the debris pit was not considered as
revisions faster and easier compared with the resritical as settlement that might occur in the tail-
sion process and results that were likely if ripraprgs embankment. Thus, allowing debris to be
lined ditches had been used. placed in a separate pit reduced debris placement

costs and expedited placement by allowing the
Hydraulic design of the swales included the fosubcontractor to reduce cutting of debris, a labori-
lowing key elements: 0usS process.

Non-erodible velocities for the soils an®ebris placement in the tailings embankment was
sparse vegetation at the site. performed as follows:



Voids in the debris pile caused by nesting or
other means were avoided.

Debris was placed in an area of soft tailings
in a former pond area on the pile. The debris
was placed to bridge over soft wet areas and
facilitated placement of overlying fill by pro-
viding a firm base where none had existed.

Fill placed above a specified elevation had to
meet minimum compaction densities. Fill
placed below that elevation was rolled but not
tested for compaction, since the fill was not
judged to be less stable or more compress-
ible than the soft tailings subgrade in that area.

Debris and fill were placed in a manner that
did not create mud waves in wet tailings
slimes ahead of placement areas.

This approach to debris disposal was facilitated by
the disposal cell settlement assessment that dem-
onstrated that the soft tailings in the embankment
could be stabilized in place. Substantial quanti-
ties of debris were placed in a cost-effective man-
ner using this approach.

Disposal Cell Special Features

Along the northern end of the site in a fenced area
there is a partially filled mine vent-shaft called the
Ann Lee mineshaft. Fill placed in, and over, this
shaft have settled in the past, and could settle again
in the future. Surface contamination in the area
was not remediated based on safety concerns re-
garding subsidence potential. If future settlement
Is observed or contamination detected in the im-
mediate vicinity of the shatft, it has no relation to
performance of the debris disposal pit located in
the northeast corner of the site, or of the disposal
cell.



Burrell, Pennsylvania

Site Description to evaluate the design and construction of the
Burrell disposal cell. In general, the design and

The Burrell disposal site is officially called Vicin-evaluation criteria applied to this cell were less

ity Property CA-200 and is located in Burrelstringent than those applied to designated process-

Township, about one mile (1.6 kilometers) east ifg site disposal cells.

the city of Blairsville, Pennsylvania. The vicinity

property contained approximately 9 acres (3The site’s remedial action plan is contained in the

hectares) of contaminated surface area. remedial action agreement between Conrail Rail-
_ _ road, the Commonwealth of Pennsylvania, and the
Cell Dimensions Department of Energy.

The residual radioactive material was stabilized The Burrell disposal cell was constructed on top
place. The Burrell disposal cell is roughly oblongf a preexisting railroad landfill, which included

in shape. It stands 20 feet (6 meters) above théroad ties and debris in the bottom of the fill.
surrounding terrain and varies in depth from 3 Theoretically, waste not associated with the

25 feet (1 to 7.6 meters). UMTRA project could exist at the bottom of the
. - . Burrell disposal cell. As mentioned above, unlike
Site Specific Cell Design Features the UMTRA processing site disposal cells, the

Burrell disposal cell was not specifically designed
for resistance of biointrusion, and was not designed
Since the Burrell disposal site is a “vicinity propwith a freeze-thaw protective layer. This cell was
erty” and not a designated UMTRA processing sitgdesigned with a riprap rock cover in a heavily veg-
there are differences in the design criteria appliethted, forested area where a deep vegetated cover
to the site and in the procedures used by regulataight have otherwise been considered.

Vicinity Property Cell

DISPOSAL CELL

300 feet

@@”D©mmaun@lh1 RiNES

100 meters




Surface Water Drainage

The cell was designed to allow for surface water
drainage to pass through a portion of the cell’'s rock
layer. This rusty looking surface water drainage
originates on the up gradient side of the cell and
due to the surrounding terrain and the location of
the railroad tracks naturally flowed through the
original Burrell landfill. The drainage gives the
appearance of seepage on the downhill side of the
cell that could easily be misinterpreted as leachate
seepage from the disposal cell. On several occa-
sions, field personnel from the UMTRA Techni-
cal Assistance Contractor and the Remedial Action

Contractor have sampled this drainage water to
check for radionuclides, and none have been de-

tected.



Canonsburg, Pennsylvania

Site Description Site Specific Cell Design Features

The 30 acre (12.1 hectares) Canonsburg site IRgt UMTRA Cell

between Chartiers Creek and the Conrail tracks in

the Borough of Canonsburg. The main cleangpe Canonsburg site was the first UMTRA site
site, which originally included the processingemediated. In the early years of UMTRA, it was
buildings, is located west of Strabane Avenue inige project plan to remediate most, if not all of the
fenced area. The controlled, fenced area contagites, “in place” or “on site”.

the Canonsburg site disposal cell. In an uncon-

trolled area located east of Strabane Avenue thaithough the Canonsburg site appears to have a
is a grassy field that was originally a sludge digegetated cover for erosion protection, such is not
posal area that was only a few feet (less thanha case. Erosion protection on the Canonsburg
meter) above Chartiers Creek’s streambed elewigsposal cell consists of riprap as the fundamental
tion. This area, referred to as Area C in the séRment for preventing erosion. Community pref-
documentation, was cleaned and filled to raise tBences and aesthetics were significant drivers for
ground above seasonal flood levels. using a vegetated layer over the rock layer that
. . covers the entire cell. In 1983, community input
Cell Dimensions and economics guided the UMTRA team to keep
The residual radioactive material was stabilized ¢ime cell adjacent to Chartiers Creek. The possibil-
site. The Canonsburg disposal cell is roughly peaty for intense storms that could affect the creek
tagonal in shape and is approximately 800 feet (2#ade it impracticable to design a vegetated cover
meters) long by 760 feet (240 meters) wide.  that would have adequate erosion resistance for

DISPOSAL SITE
BOUNDARY

CONTAMINATED MATERIAL
OUTSIDE OF CELL

Conrail Wa 500 1000 Feet

100 0 100 200 300 Meters
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long-term performance. Therefore, the riprap covapping wall below the anticipated scour depth for
was designed for the most severe condition thhe design flood, and key the bottom of the riprap
could occur with an erodible, vegetated soil layarall into bedrock. Existing bedrock elevations
placed over the riprap. The most severe conditim@re considered adequate to protect the upstream
selected for the design was the formation of a guénd of the wall from erosion, and the wall was
that would erode completely through the soil layesrapped around the downstream edge of the cell
causing the flow in the gully to impinge on th& prevent erosion of the cell by eddy flows.

riprap. A similar solution was applied to the ditch outlets
The design accounted for two key factors. Ther the ditches placed at the toe of the cell side
first was an estimate of the area on the cell slogdepes. If the ditch outlets were constructed
that would contribute runoff into a gully. Thehrough the existing creek banks, the outlets would
drainage area was taken to be a function of deglikely be damaged by erosion on the upstream and
of slope and slope length. The second factor wd@mvnstream edges of the outlets. Other consider-
the assumed gully cross section that would caations similar to those that determined the approach
tain the flow. Standard riprap sizing methods wef@r the buried riprap wall applied to the ditch out-
used to complete the design. This approach plets as well. Consequently, the buried riprap wall
vided a means of resisting the probable maximumas also designed for protection against ditch out-
precipitation (PMP) event’s erosion even if the sdét flows, which assumed that the soils on the creek
cover erodes in a way that causes the largest floank had been eroded. Thus, erosion of the exist-
forces to impinge on the riprap. ing creek banks at the ditch outlets was consid-

ered an expected result of the design approach, and
Buried Riprap Wall and Blind Ditch Outlets does not require maintenance or repair.

The potential for stream bank erosion frorhow Permeability Cover Layers
Chatrtiers Creek was a key design issue for the dis-
posal cell. The floodplain in Chartiers Creek eX-wo low permeability cover layers were con-
tended up to the cell slopes along the north sidestfucted on the cell. The upper layer was the pri-
the cell, and bank erosion during an extreme floaary infiltration barrier and part of the radon bar-
was a possibility considered in design. A speciaér. The upper layer was one foot thick (0.3
study was conducted to help understand the proeters), amended with 10 percent bentonite by
cess of the creek morphology and to determine tlieight, and had a maximum allowable design per-
effects of floodplain management plans by the U.®eability of 1xX10E-7 centimeters per second. The
Army Corps of Engineers on the cell design. Bwer layer was primarily for radon attenuation,
decision was made that the cell required proteand was two feet (0.6 meters) thick with a maxi-
tion from undercutting caused by either progresium allowable permeability of 1x10E-6 centime-
sive or catastrophic erosion of the stream bart&rs per second. The practice for low permeability
However, stabilization of the existing stream bardoil covers on waste disposal facilities was not
was not considered the best approach. Ongoimgll-developed in the early 1980’s, so the design
creek morphology processes, erosion due to floodeew upon available information that included low-
and permit issues dictated a different approachpermeability liners for impoundments, canals, and
other applications. The useiofsitupermeability
The design approach used was a buried riprap wealting was likewise not very advanced and incor-
placed adjacent to the cell. The design locatiporated in common practice at the time. There-
avoided constricting the creek flow during a floofbre, laboratory testing was used as the basis for
that eroded the existing bank, and allowed the waticeptance of the cover layer permeabilities.
to be connected to the riprap on the cell’s side slope.
An excavation was made to place the toe of the



Test fills were constructed to confirm the desiggnd place it in the disposal cell, because the re-
requirements for both layers. The importance gtiired excavation would have undermined the
kneading compaction, compaction moisture conerth excavation sidewall of the disposal cell or it
tents at or above optimum moisture content, aneuld have required removal of the sedimentation/
moldable soil without large dry clods was considetention basin (which would have been a viola-
ered. Construction procedures and quality conttain of the National Pollution Discharge Elimina-
were implemented that addressed these factdisn System permit). This contaminated material
Bentonite was spread manually according to a calas left between the cell and the buried riprap wall,
culated grid on loose lifts of soil and then mixesb it is protected from Chartiers Creek erosion, but
prior to compaction. The tests for permeabilityjoes not have a radon barrier cover layer.
were made on undisturbed samples extracted from
each test fill and tested in the laboratory. A sidong the southern and western sides of the dis-
plified specification of minimum moisture contenposal cell, outside the cell and inside the fence,
relative to optimum and a minimum relative comscinity property material having less than 100
paction percentage was used for cell cover cgneocuries per gram were placed. This vicinity
struction. Procedures developed for a larger zgmeperty material was transported from a local
of acceptable moisture-density combinations wegpeoperty that was remediated after the residual ra-
not yet available for use in constructing théioactive material in the disposal cell was covered
Canonsburg cell in 1984-1985. with radon barrier material. The decision was made
to spread and bury the material outside the cell
This first UMTRA site incorporated laboratory testoecause the radioactivity of the material was low
ing and test fills for permeability as the basis f@nd there were no other practical disposal options
confirming the design permeability. It is imporavailable.
tant to note that strict quality control and detailed
specifications were used to help reduce the poténwritten summary was prepared to show the lo-
tial for large-scale effects to cause full-scale layeations of the materials, the estimated radon re-
permeabilities to be greater than laboratory-derivihse rates, and long term erosion expected in those

permeabilities. locations. Unlike the material left in Area B, the
K i vicinity property materials left outside the south-
Rock Quality ern and western sides of the cell were covered by

Historic use of rock in construction helped dentwo to three feet of compacted topsoil and were
onstrate that the rock could be durable for the det protected by a cover designed for the probably
sign life of a disposal cell. Observations were mag@ximum precipitation. It was determined that
of quarry rock that was used in exposed portiotigs buried vicinity property material was located
of building foundations and cobblestone streets fapove the high water level from a 100 year flood
80-90 years without substantial weathering. Théyent on Chartiers Creek. Erosion in these loca-
evidence was weighed together with laboratotipns are to be monitored by the Long-Term Sur-
tests and petrographic examination to determiveillance Program and grades restored if excessive
that the rock quality was acceptable. erosion occurs.

Contamination Remaining Outside the DisposAtea C Thorium Cleanup
Cell

Cleanup criteria for Thorium were not yet fully
During construction, just north of the disposal celieveloped in the 1983 through 1985 time period.
called Area B, residual radioactive material washe cleanup criteria for Thorium-230 were based
encountered beneath the wastewater retention trthe average Thorium-230/Radium-226 ratios for
sin. It was not possible to excavate this matersdveral large areas. A grid-by-grid confirmation



approach for Thorium-230 was not used until later
in the project. Prior to licensing of the Canonsburg
site, three problem areas for Thorium-230 were dis-
covered in the records of Area C, and were ad-
dressed by site specific analyses that were reviewed
by and concurred upon by the Nuclear Regulatory
Commission.

Required Maintenance

Periodic mowing of grass on the cell cover is per-
formed by the Long-Term Surveillance Program
to avoid in-growth of large, deep-rooted plants such
as trees and shrubs.

The perimeter fence is required to maintain a “con-
trolled area” for this site. Trees and shrubs that
drop limbs or grow through or over the fence will
be trimmed and maintained, and damage to the
fence that allows unauthorized access to the site
will be repaired.

Trees and shrubs will grow in between the riprap
located in the drainage ditches. Even though this
is not problem for the buried residual radioactive
material, this vegetation is periodically removed
S0 as to not clog the drainage ditches.



Durango, Colorado

Site Description preferences dictated a major change in the approach
to cover design for the Durango disposal cell.
The Durango disposal site is located in Bodo Cabesign criteria for the cell required a very low rate
yon just outside the city limits of the city ofof infiltration into the cell from the cover, based
Durango in southwest Colorado. The Bodo Caon ground water protection goals. Technology de-
yon disposal site comprises 120.6 acres (48.8 hagtopment for landfill covers was progressing, and
ares). the State of Colorado lobbied to incorporate sev-
eral promising features into the cover design.

These features included the following:

The processing site residual radioactive material
was relocated to the Bodo Canyon site. The dis— A vegetated cover to reduce infiltration by
posal cell is roughly rectangular in shape, and is storing water from high infiltration periods
2,200 feet (670 meters) long by 1,100 feet (335 and then using vegetation to transpire the
meter) wide. Itis constructed partially below grade  water from the rooting zone.

and is approximately 90 feet (27 meters) from its
highest to its lowest point.

Cell Dimensions

- A geosynthetic clay liner (bentonite mat) to
provide a very low permeability layer beneath

Site Specific Cell Design Features the vegetated cover.
Cover Design - A biointrusion layer to help restrict the pen-

_ _ _ etration of roots below the rooting medium
Revised ground water protection requirements, |ayer, and to help reduce the downward flow
technology development, and State of Colorado of water by capillary action from the bento-
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nite acting on the rooting medium soil. sist erosion until the vegetation became established.
B _ Computer models were used to demonstrate the
Low Permeability Barriers improvement in cover infiltration due to evapo-

. . transporation.
The draft Environmental Protection Agency grounda P

water regulations for the UMTRA project werd@he Durango cell was specifically designed with a
released just prior to final design and constructiteyer to resist plant and animal biointrusion. Large
of the Durango disposal cell. The ground watescks in this biointrusion layer were designed to
protection strategy for the Durango disposal célé equal to one-third of the mass of the largest bur-
resulting from these new draft ground water regtewing animal known to be present in the area.
lations drove the need for an extremely tight (i.€he thickness of the barrier was based on three
low permeability) cover. The clay barrier in theliameters of rock on the theory that plant roots
bottom of the cell was also installed as part of thabuld not extend through dry (non-capillary)
effort. The geotextile bentonite clay liner materialpaces.

that was used in the cover design reflects this need

for an extremely low permeability cover (1x0Drainage Ditch Allowed to Headcut

centimeters per second). The geotextile clay liner

was needed to make sure the cover had a lowée ditch along the northeast side of the cell was
permeability that the resulting permeability of theesigned to allow limited headcutting from ero-
liner at the base of the cell. Bentonite amendmesidn forces. A large quantity of riprap was placed
of on-site soils was used in the cover on the the ditch so that if headcutting occurred, the
sideslopes of the cell, because there were conceipsap would armor the eroded face. A buried (not
that the geotextile clay liner would cause slope stasible on the surface) cutoff wall of erosion resis-
bility problems. This low permeability cover systant rock was installed upgradient from the ditch
tem was completed before it was realized that tbatfall to prevent erosion migration to the base of
alluvium in the foundation of the disposal cethe disposal cell.

would de-saturate with time.

Toe Drain
Vegetative Cover

A toe trench drain along the eastern end of the site
The Durango cell was a departure from previoissthe most unique feature of the Durango cell. The
arid region covers in that a vegetated cover waigginal design of the Durango cell intended for
used on the top. Previously it was felt that vegeeepage of transient drainage water from tailings
tion could not be sustained during dry years in aiirtside the cell to seep out the bottom of the cell
climates. The site specific climate coupled witinto a deep unsaturated zone of soil and relatively
the use of native plants showed that a vegetaieghermeable bedrock. During the second year of
cover would work for the Bodo Canyon site. Theonstruction, seepage was observed coming from
goal of the surface vegetation was to establishh& lower portion of the eastern embankment slope.
plant community on the topslope that would be sdlhis seepage was later identified to be transient
sustaining and tolerant of the full range of climatuarainage collecting on a winter cover clay layer
conditions. A vigorous plant community will tranthat was inadvertently left in place at the start of
spire most of the moisture that enters the soil atid second construction year. The toe trench drain
will resist erosion of the underlying material. The/as installed to remove transient drainage water
distribution of the soil used as the rooting mediuthat collected on the winter cover layer and remove
consisted of clay loam on top of the cobble/choké&drom inside the cell before it could seep out the
rock layer and a loam/silt loam placed over thside slope of the embankment. Long term drain-
clay loam. A seedbed was prepared that woulde of transient water out the toe drain and into a
favor germination and early growth, as well as réaed retention pond lowered water in the cell to a



safe level that prevents seepage from the base of
the eastern embankment slope of the cell. Moni-
toring and closure of the toe drain is described in
the Durango Long Term Surveillance Plan.

Settlement Monitoring

Because consolidation settlement of relocated tail-
ings used to construct the Durango disposal cell
was a concern relative to potential cover cracking,
settlement plates were installed to monitor settle-
ment of the cover of the cell. Results of monitor-
ing of settlement plates indicated that actual
measured settlements were much less than pre-
dicted by consolidation theory and that cover crack-
ing from settlement would not be a problem.
Settlement findings from the Durango site con-
firmed findings of the test embankment/settlement
study performed on the Ambrosia Lake site.
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Falls City, Texas

Site Description ground. It is rectangular in shape, and is 2,600
feet (790 meters) long and 2,200 feet (670 meters)

The Falls City disposal site is located in Karnegide. The embankment rises an average of 37.5

County, 46 miles (74 kilometer) southeast of Sa@et (11.5 meters) above the surrounding terrain.

Antonio and approximately eight miles (13 kilo-

meters) southwest of Falls City, Texas. The siteS$ite Specific Cell Design Features

approximately 231 acres (93 hectares).

. ) . ... Vegetative Soil Cover
Prior to the commencement of remedial activities, d

the Falls City processing site contained six taik vegetated soil cover was designed and con-
ings piles and one pond containing residual radistructed for the topslopes of the embankment be-
active material. The selected approach to remedjalise of the unavailability of durable rock at or
action was to consolidate all tailings into a singleear the site and the large area of the embankment
embankment on a parcel of land where the majespslope. The closest available rock source, used
ity of tailings material occurred. All other tailingsor riprap for the side slopes, was the Marble Falls
piles and other windblown contaminated materi@uarry, located approximately 150 miles (240 ki-

was moved to this embankment. lometers) to the north of the site. The cost of trans-
. . porting and placing rock for the top slopes was
Cell Dimensions considerably more expensive than the design and

L , construction of a vegetative cover.
The Falls City disposal cell covers approximately
127 acres (51 hectares) and was constructed abblre vegetated soil cover consists of (from top to
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bottom) 6 inches (15 centimeters) of topsoil, and/dith the back-calculated tailings consolidation
30-inch thick (76 centimeters) silty clay layer gbarameters based on field-testing, a reevaluation
growth medium. The purposes of the growth mef the full-scale post construction settlement and
dium are to promote evapo-transpiration of watgrotential for radon barrier cracking for the disposal
reinforce the topslopes, reduce rainfall infiltratioambankment was made. It was concluded that
into the tailings and contain the root zone of thikere would be no cracking of the radon barrier
grassy vegetated surface. Grasses planted onldlyer.

top slopes are anticipated to require no mainte-

nance. Review of weather data for the Falls Ciaturally Occurring Uranium Ore Left On Site
area indicated that rainfall amounts and other cli-

matic conditions would be sufficient to sustain age original mill was built at this site because of
equate vegetation for erosion protection. the amount of naturally occurring ore in this area.
;{lhe ore was pit mined since it was located at or
near the ground surface. The remaining, unmined,
Similar to the cell at the Ambrosia Lake site, tHew economic value, uranium ore at the former
Falls City cell had a considerable thickness of wetocessing site was extensively characterized by
soft tailings slimes that would be loaded by plat/MTRA project personnel to distinguish it from
ing additional tailings from three nearby piles artthe residual radioactive material that was
one pond onto the three piles that would form themediated by the subcontractor.

disposal cell. The issue of predicting post-con-

struction settlement and differential settlement 8fs a result of characterization studies, there are
the built-up tailings embankment was of great cosmall amounts of naturally occurring uranium ore
cern. Cracking of the radon barrier layer miglheftin place in side the disposal site perimeter fence
occur if post-construction differential settlement&nd on the remediated former processing site.
were excessive.

Test Embankments for Settlement Measureme

Site Surface Runoff Pattern
Prior to construction of the tailings embankment,
two test embankments were constructed direciiyie location of the three former tailings piles that
on the existing tailings pile and displacememfdrmed the basis of the disposal cell location are
monuments were installed and measured. Tloeated on top of a local, natural surface water di-
purpose of the displacement monuments wasvide. By leaving the disposal cell on this divide,
record the field settlement characteristics thtéite impact to the cell design from the surface wa-
would enable the UMTRA designers to back-caler sheet flow from a probable maximum precipi-
culate the soils parameters required for the prediation event is minimized.
tion of post-construction settlement. Locations of
the test embankments were selected where the ploe surface drainage from the disposal cell and
tential cracking of the radon barrier layer mighhe remediated processing site and windblown ar-
occur based on preliminary settlement analysas originally formed the headwater collection area
using laboratory consolidation test results. THer Tordilla Creek and Scared Dog Creek located
heights of the test embankments were adequatéotthe southwest and northeast of the disposal cell.
model the final disposal embankment. Based ®he final surface configuration was returned to an
measured settlement of the two test embankmemedsyation compatible with the original surround-
it was concluded that the predicted post-construig terrain and recontoured to continue to promote
tion full-scale pile settlements were much smallsurface drainage toward both creeks.
than the post-construction settlement prediction
based on the laboratory test data.




Frost Barrier Layer Not Needed

A frost barrier layer was not considered necessary
for the Falls City disposal cell to prevent damage
to the radon/infiltration barrier by freeze-thaw.
Regardless, the radon/infiltration barrier on the top
slope area has significant frost protection from the
growth medium layer.

Placement of Geotextile Barrier Outside of
Disposal Cell

Seepage was encountered on the tailings during
reshaping in a small area of the side slope near the
southeast corner of the tailings embankment. A
geotextile fabric layer was placed over tailings
slimes that were exposed during excavation. The
geotextile provided subgrade stability required to
achieve the specified compaction for the radon/in-
filtration barrier. The radon/infiltration barrier was
designed to divert the seepage downward through
the tailings below the radon/infiltration barrier. The
completion report contains details of the location
of the seepage area and the geotextile treatment.
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Grand Junction, Colorado

Site Description Site Specific Cell Design Features

The remedial action approach for this site was 8iting of the Disposal Cell at Cheney

remove all tailings and other contaminated mate-

rial from the former Climax uranium mill site andThe selection of the Cheney site as the preferred
the adjacent State Repository in Grand Junctigisposal area was a result of a selective screening
and consolidate these materials at the Cheney ¢iscess of several potential sites including in-place
posal site 17 miles (27 kilometers) to the soutbtabilization at the processing site. The public and
east. The Cheney disposal site covers approgieal government agencies also participated ac-
mately 360 acres (146 hectares) of land. tively in the site selection process resulting in a
determination that the tailings should be stabilized

Cell Dimensions at the Cheney site.

The stabilized tailings embankment was sized gynfiguration of the Cheney Cell
contain approximately 4.4 million cubic yards (3.4
million cubic meters) of tailings and contaminateBuring the preliminary design phase, a partially
material. The Cheney disposal cell covers 94 acledow-grade disposal embankment was initially
(38 hectares), is roughly rectangular in shape gobposed based on the site characterization infor-
is approximately 2,400 feet long (730 meters) byation available at the time. The initial design
1,800 feet wide (550 meters). The embankmerdncept was for a disposal cell that extended a
rises a maximum of 40 feet (12 meters) above theaximum height of 50 feet (15 meters) above and
surrounding terrain, and it is approximately 70 feapproximately 20 feet (6 meters) below the sur-
(21 meters) deep from its highest to its lowest poimtunding terrain. However, further site character-
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ization discovered water-bearing paleochannelsgground water strategy necessitated excavating a
the alluvial foundation soils. Thus, the ability ofisposal cell foundation that had a bottom eleva-
the disposal cell design to comply with Envirortion lower than the elevation of the paleochannels
mental Protection Agency ground water standangiit were identified in the vicinity of the disposal
was questioned. These paleochannels are ancieilt This created a very large volume of exca-
buried channels that carry small amounts of watetted material, primarily Mancos shale. Rather
on a seasonal basis in a saturated zone apprthan spoil this material in above ground piles at
mately 3.5 to 7 inches (10 to 20 centimeters) thicke disposal site, it was decided to use this low
permeability material in the construction of the
As aresult of the paleochannel discovery, substaisposal embankment side slopes. The use of the
tial site re-characterization, including deep boringsiaterial in the construction of the disposal embank-
was carried out. A total of approximately 130 boreient sideslopes also provided the following ad-
holes, 134 test pits, 1,200 linear feet (360 metevantages: (1) the thick, low permeability dikes
of test trenches, 100,000 linear feet (30,500 metgue)vided additional hydrologic isolation of the tail-
of subsurface geophysical survey lines and numergs; (2) the construction of the side slopes was
ous field and laboratory hydrologic tests were peasimplified since the radon-infiltration barrier and
formed to locate additional paleochannels in thige associated bedding layer was eliminated from
vicinity of the disposal cell site. the side slope design; and (3) long-term problems
(visual aesthetics and erosion control) associated
A modified disposal cell footprint was located westith large above ground spoil piles were avoided.
of the originally selected footprint to avoid th&hese clean fill barriers were also extended below
known paleochannels. The new site is bound#éx original ground surfaces to function as an ad-
by paleochannels. The characterization of this neitional hydrologic barrier preventing potential
site showed no evidence of shallow alluvial grourildw from paleochannels into the cell. The riprap
water. To meet Environmental Protection Agenaised on the top and side slope of the cell, as well
ground water standards, the new site design plaesdhe drainage channels, also came from required
the base of the cell excavation sufficiently degxcavations.
into weathered and unweathered Mancos shale to
prevent lateral flow of any tailings leachate inte€ochemical Attenuation Layer
the near surface alluvium. The bottom of the cell
was placed below the bottom elevation of the siraboratory geotechnical testing and analysis were
rounding paleochannels to limit the potential fgrerformed to determine the requirement for a
subsurface pore water flow from the cell into thgeochemical attenuation layer placed at the base
paleochannels. As a result, the foundation of théthe disposal cell excavation. The purpose of
disposal cell extends 60 to 70 feet (18 to 21 metessich a layer would be to capture contaminants ex-
below the surrounding terrain. iting the base of the tailings. However, the test
results and analysis indicated that placing a
geochemical attenuation layer did not provide
The Cheney disposal embankment was the figstbstantial differentiation between tailings leachate
UMTRA site where the side slopes of the cell coand natural ground water, which also had traces of
sisted of low permeability, clean fill barriers condranium. Thus a geochemical attenuation layer
structed of excess materials from the disposal cghs not included in the cell design.
excavation. These barriers act like earthen dams
to contain tailings materials inside the disposal céflotential Saturation within Cell

Side Slopes Consisted of Clean Fill Dikes

The reason for this side slope design was to makee cell design considered the potential saturation
use of the excess material that was excavated froithin the cell from two sources of water: 1) tran-
the disposal cell foundations. As stated above, $ient drainage during the construction stage and



post-construction drainage of fluid from the tail©On-site Paleochannels - Additional Details
ings pore spaces and 2) the long-term infiltration
of rain water and snow melt through the cell covérhe paleochannels that exist in the alluvium over-
lying bedrock at the disposal site are locations
The foundation materials had to be sufficienthyhere seasonal or temporary perched water zones
permeable to prevent the buildup of excess satumgay occur. The paleochannels are preferential flow
tion within the cell that could result in lateral flowpaths for seepage that perch on the low permeabil-
of tailings leachate into the surrounding alluviunty bedrock. Even when flow occurs in a
and paleochannels. Variable saturated modelipgieochannel, it may not be continuous, since some
was conducted during the design stage. The msedepage into the underlying bedrock surface oc-
eling concluded that long-term saturation withiours and small flows can dissipate and disappear.
the cell would not be significant. The paleochannels were difficult to locate precisely
during investigations due to the subsurface loca-
One of the key parameters required for this maiibn, variability of flow occurrence as a result of
eling was an accurate determination of field useasonal and climatic factors, and similarity of the
saturated and saturated hydraulic conductivitiesroterials in the paleochannels to adjacent materi-
the foundation area# situ Sealed Double Ringals.
Infiltrometer testing was performed on the Mancos
shale in the excavated foundation bottom in coAs stated previously, the disposal cell design
junction with other field and laboratory testing. Aavoided paleochannels by siting the cell in a local-
exploratory borehole recently completed within theed bedrock ‘plateau’ that was identified by nu-
Cheney cell confirmed that there has been no sigerous test pits, trenches, and borings. The area
nificant leachate buildup at the base of the cellaf the cell footprint also did not contain locations
the four years since construction was completedhere water was encountered during the siting in-
even though a portion of the cell remained exposeeistigation. One paleochannel was encountered

to direct rainfall. during excavation of the cell foundation; it was
designated the ‘northwest’ paleochannel. The pres-
Vegetative Growth ence of the northweptlleochannel was mitigated

by revising the cellootprint and by diverting the
The growth of volunteer vegetation on the top slopaleochannel and its flow around the north side of
does not currently effect the radon barrier. Howhe cell.
ever, this should continue to be monitored and if
necessary controlled.

Unfinished Portion of the Cell

This portion of the disposal cell was left open to
receive additional vicinity property material until
the year 2023 or until the cell design capacity is
reached (up to approximately 500,000 cubic yards
[362,000 cubic meters] of vicinity property mate-
rials). The cell design for the top cover has been
completed and approved by the Nuclear Regula-
tory Agency, and the approved riprap material has
been stockpiled at the site for the closure of the
disposal cell.
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Green River, Utah

Site Description cant amounts of transient drainage water draining
from the cell. To minimize this potential, it was
The Green River disposal site is located on thecided to establish a target for the upper limit on
former mill and tailings site. The site is locatedompaction water content of relocated tailings.
one mile (1.6 kilometers) southeast of the corRlacement of relatively dry tailings would limit the
munity of Green River. amount of water available to drain from the cell as

) ) transient drainage.
Cell Dimensions g

During construction a significant portion of the
The residual radioactive material was stabilized orelocated tailings was placed at moisture contents
site. The disposal cell covers approximately fitbat exceeded the target upper water content value.
acres (2 hectares), is rectangular in shape, and@he transient drainage analysis variables were
530 feet (162 meters) long by 450 feet (137 metetshked about between UMTRA team members and
wide. It is constructed partially below grade anduclear Regulatory Commission representatives.
rises some 40 feet (12 meters) above the surroufte transient drainage analysis had sufficient vari-
ing terrain. Itis approximately 95 feet (29 metergpility that the desired cell performance could still

deep from its highest to its lowest point. be obtained with the tailings being placed at mois-
. . ) ture contents exceeding the design limit value. The
Site Specific Cell Design Features DOE decided that rather than rebuild the disposal

cell by removing and re-compacting the tailings
materials at a lower moisture content, it would
During the design of the Green River disposal cetonitor the movement of soil moisture in the com-
there was concern about the potential for signifdeted cell to determine if the actual transient
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drainage was within acceptable limits. It was dée¢ UMTRA team was much greater than 1 or 2
cided to use neutron moisture probe technologgrcent. Why the drift of the probe used was ex-
for this monitoring. At the time, this was a newessive was never satisfactorily determined.

application for neutron probe measurements. o _
Several monitoring wells were installed around the

Several cased, neutron probe access holes wereen River cell to satisfy State of Utah concerns
installed in the completed tailings embankment &ter failure of the neutron moisture probe moni-

serve as access “wells” to monitor moisture vari@ring program.

tions over time within the cell. Steel well casing

was installed to allow a neutron probe to be lowjill Buildings Left on Site

ered into the tailings for the purpose of monitor-

ing the location of moisture in the tailings. AfteThe community of Green River asked the Depart-
unsuccessful attempts to measure the low maisent of Energy to leave in place as many build-
ture contents, the casings were sealed and abags as possible for use as a future industrial park.

doned. Some contamination was left in the buildings in
relatively inaccessible areas under approved

The use of neutron moisture probes for this celipplemental standards.

performance monitoring did not succeed for sev-

eral reasons. The primary reason was because sggly Erosion Potential

casing rather than aluminum casing (as specified

by the manufacturer) was used. Project person@llly erosion potential exists on the disposal site,
determined that steel casing had to be used becausst is not considered to be a significant threat to
of the difficulty driving the casing into the comthe disposal cell. The elevation difference from
pacted tailings (which collapsed the aluminumhe site to the local drainage bottom (Brown’'s
casing), and the length of casing required penetvdash) suggests that deep gullies could form over
tion to a depth in the cell that was greater than cotilthe. However, the small drainage area and the
be achieved with aluminum casing. The use lbédrock elevations around the cell are two factors
neutron probes to monitor moisture in compactésht are expected to prevent any deep gully from
tailings was adapted from agriculture. In agricuteaching the edge of the cell. Furthermore, the
tural applications the aluminum tube is driven intdprap key trench constructed around the disposal
the root zone (usually no more than five feet (1cell provides protection from erosion that may oc-
meters) deep) to allow researchers to monitor irgiar next to the cell. Calculations and other project
gation water movement. The steel casing usediatuments provide additional details regarding sta-
the Green River cell apparently produced too muphity of the cell against impacts of erosion.
interference to allow detection of a wetting front

in the tailings.

Another factor that may have contributed to the
failure of the early model neutron moisture probe
used in this application may have been an insuffi-
cient wetting front (i.e. not enough differential in

moisture content) in the tailings to measure. The
tailings were mostly dry sands with very little clay

material. Tailings were placed in the cell at less
than ten percent moisture content by weight, which
indicates that differential moisture contents of 1
or 2 percent may have represented the “wetting”
front. Drift of the neutron moisture probe used by



Gunnison, Colorado

Site Description cobble armored surfaces. Such surfaces were not

present on the gradual natural slopes in the area.
The Gunnison disposal cell was constructed Materials excavated from the cell’s foundation area
Chance Gulch, approximately seven miles (11 kirere used for site grading rather than using more
lometers) east of Gunnison, Colorado, on land farodible imported materials.

merly administered by the Bureau of Land Man- ) , )
agement. Like the Grand Junction disposal cell, the Gunnison

disposal cell was constructed with massive dikes
Cell Dimensions (i.e. similar to dams) of compacted, uncontami-
ted materials that underlie the side slopes. The
ver system used includes a frost barrier and cap-
ry break layer 6.5 feet (2 meters) thick on the
fop slope. Because the frost barrier is very thick
vegetative biointrusion was considered to be un-
Site Specific Cell Design Features likely to require rapid response, and so could eas-
ily be handled by long-term surveillance and main-
tenance personnel.
The Chanc_:e Gulc_h disposal site was selectgd aE%rtentiaI Future Considerations
an extensive regional search for an erosionalty
stable site Prior to construction, the natural groun&oon after construction of the Gunnison disposal
surface at the disposal site was observed to exhdstl was completed, evidence of water collecting
natural armoring to surface erosion. The existiingand overflowing from the apron key trench was
gully bottoms and steeper slopes had gravel asiskerved at the southeast corner of the cell. In-

The 29 acre (11.7 hectares) disposal cell is rougH
rectangular 1,300 feet (400 meters) long and 1,0;

feet (320 meters) wide. It is approximately 60 fe
(18 meters) deep from its highest to its lowest poi
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spection of this seepage indicated that it was rain-
fall runoff water collecting in and overflowing from
the apron key trench. This condition is not con-
sidered to be detrimental to performance of the cell,
except in the unlikely event that gully erosion
would occur.

Maintenance Issues

In late 1998, a relatively dense plant community
was established in the overflow area which would
help resist erosion, in addition to the natural ero-
sion-resistant behavior of the materials themselves
(as discussed above). The Long-Term Surveillance
Program will monitor vegetative growth on and
around the Gunnison disposal cell.

Potential adverse effects on cell performance
caused by changes in human activities, such as the
nearby County landfill, were not included in the
cell design. Erosion protection and ditch sizes were
based on existing watershed areas that drain to-
wards the disposal cell. It is possible that landfill
earth moving activities could change the pattern
of rainfall runoff and flow concentration onto the
Gunnison UMTRA site. Since such changes are a
possibility, the long term surveillance plan for this
site indicates that County landfill activities north
of the UMTRA disposal site should be monitored
to ensure that surface water drainage patterns are
not changed.

The Gunnison Long Term Surveillance Plan docu-
ment describes a monitoring program for the riprap
rock placed on the disposal cell as a preventative
measure. During quarrying of this rock, a system
of fine, very tight, fractures was observed in some
samples of the rock produced. The project was
unable to demonstrate to the Nuclear Regulatory
Commission that the factures would or would not
result in splitting of some portion of the particles,
leading to a reduced effective particle size in the
riprap layer. To evaluate the potential for this re-
duction of rock size, the monitoring program was
developed and included in the surveillance plan.



Lakeview, Oregon

Site Description and planted with grasses. Erosion of this thin soll
layer is not an issue regarding the long-term sta-

The residual radioactive materials were relocatbility of the cell. This soil layer was placed for

to a disposal site on property owned by Jolaesthetic reasons and is not an essential design fea-

Collins, approximately seven miles (11 kilometersyire of the erosion protection system for the

north-northwest of the Lakeview former mill andlakeview disposal cell.

tailings site. The Collins Ranch disposal site is 40 ' . .
acres (16.2 hectares) in size. Cover Design Considerations

Cell Dimensions Because of the rather mild weather in the Lakeview
area, and the state of design understanding at the
The disposal cell is roughly semicircular is shapgme that this cell was designed, the cover design
and is constructed partially below grade agairfsk this cell did not include a frost barrier layer or
the southwest slope of a hill. It is approximately biointrusion barrier. Also, the radon barrier soil
1,050 feet (320 meters) long by 800 feet (249 different than soils used for other UMTRA ra-
meters) wide. It rises some 40 feet (12 metetfn barriers (low specific gravity, silty, etc.). The
above the surrounding terrain and is approximateltion barrier soil was not tested for freeze-thaw
75 feet (23 meters) deep from its highest to its lowffects on permeability or radon diffusion. After
est point. completion of the Lakeview disposal cell, testing
. - . done for the Maybell, Colorado site indicated that
Site Specific Cell Design Features permeability of silty sand soil amended with ben-
Erosion of the Cell’s Top Slope Material tonite cla_ly cou_ld potentially_incrt_aase due to freeze-
thaw action. Itis not known if a similar freeze-thaw
The riprap erosion protection layer on the Lakeviewduced soil-structure versus soil-moisture inter-
disposal cell was covered by a thin layer of saiktion could occur in the radon barrier layer at
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the Lakeview site. The Long Term Surveillancerm durability of the local basalt rock. For ex-
Program will be monitoring this issue. ample, two of the petrographic examinations of the
Pepperling quarry rock resulted in different recom-
mendations regarding the expected long term be-
Subsurface drains were installed for the rock-filldthvior of riprap produced from the rock. Addi-
apron and ditch outlet key trenches after erosibanally, observations of broken or decomposed
was observed at discrete locations along the orgek particles could not determine if the original
side edges of the trenches. Rainfall runoff froparticles were sound in appearance, or particles that
the disposal cell side-slopes collected in the apnaere produced from poor quality zones that were
trenches and overflowed from the trenches ontadvertently placed with the approved riprap.

the adjacent ground surface creating erosion rills.

Soils adjacent to the trench were relatively erod-

ible, so experience at this site was not assumed to

be applicable to all sites, although a few other sites

were determined to require similar apron trench

drains.

Subsurface Drains

Maintenance of Riprap

Quality and long-term resistance to weathering of
the riprap rock used at the Lakeview site has been
a conundrum that started during construction of
the disposal cell. To provide added assurance that
potential future weathering and break down of
riprap rock at this site would not adversely affect
performance of the cell, the thickness of the riprap
layer was increased over that indicated by design
calculations.

Before any additional rock is placed on the top or
side slopes of this site project designers have rec-
ommended that the following two key factors be
considered: a) the conservatism that was included
in the riprap layer thicknesses actually placed dur-
ing construction, and b) the past experience with
durability of local rock sources in nearby facili-
ties. Layer thicknesses used for the top slope and
side slope riprap at the Lakeview site are four times
and two times thicker, respectively, than the mini-
mum required design layer thicknesses that accom-
modate the particle sizes. The additional thick-
ness helps to compensate for any breakdown of
riprap pieces on this cell.

The quality of local basalt quarry rock sources was
found to be especially difficult to judge using typi-

cal UMTRA project procedures. Geothermal and
other local conditions have likely affected the long-



Lowman, ldaho

Site Description rocks are for hydraulic energy dissipation in the
gully, therefore they are not required to meet the
The Lowman residual radioactive material was st@udality and rock soundness criteria for the 200-
bilized in place at the former mill and tailings sitel000 year design life required by UMTRA cell
The site covered 37 acres (15 hectares) and isdesign procedures. This rock was placed in the
cated one-half mile (0.8 kilometer) northeast of tiexisting gully to reduce the risk of further gully
town of Lowman, Idaho, within the Boise Nationahitiation and for disposal of excess oversize rock.

F t.
ores Gravel Placed Along Edges of Rock Outcrop

Cell Dimensions
Gravel placed along edges of the rock outcrop lo-

The disposal cell is roughly semicircular in shapgted near the riverbank was also placed to reduce
and covers 8.2 acres (3.3 hectares). It is apprakie risk of new gully initiation. Again, the design

mately 950 feet (290 meters) long by 480 feet (1#asis for the use of this gravel was not the UMTRA
meters) wide, and is 30 feet (9 meters) deep fr@am0-1000 year design life.

its highest to its lowest point. No Erost Barrier in Cover

Site Specific Cell Design Features Design analyses performed for the Lowman dis-

Large Rock Placed in Gully posal cell indicated that a frost barrier was not re-
quired by the remedial action plan to protect the

Large rock pieces placed in the gully northwest gftire thickness of the radon/infiltration barrier

the Lowman cell are not critical to the erosion prérom potential effects of freeze-thaw.

tection layer design for the disposal cell. These
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Maybell, Colorado

Site Description placing excavated materials, wind blown materi-
als, and vicinity property materials on top of the
The Maybell disposal cell is located approximatefyle.
25 miles (40 kilometers) west of the town of Craig,
Colorado. The site covers 110 acres (44.5 heCbservations of existing soil piles adjacent to the
ares). There are several open pit mines and waste indicated that they consisted of silty and sandy
rock piles in the surrounding area. materials that were highly prone to erosion. These
nearby piles were determined to be so erodible that
erosion protection riprap materials were placed on
The residual radioactive material was stabilized ihe nearby Rob Pit pile side slopes, located west
place. The cell covers approximately 66 acres (26fthe disposal cell, to protect against potential sedi-
hectares) and rises some 30 feet (9 meters) aboant blockage of the disposal cell’'s main drain-
the surrounding terrain. The disposal cell shapeaige ditch.
roughly triangular, and is 2,600 feet (790 meter, , .
long and 1,700 feet (520 meters) wide. From ilggentonlte Amended Cover Material
highest to its lowest point is approximately 75 fego provide a low permeability radon barrier layer
(23 meters). for the Maybell cover, it was determined that the
on-site silty sand would have to be amended with
seven percent by weight of powdered, Wyoming
bentonite clay. Considerable analysis and testing
were performed to determine if these bentonite
The Maybell tailings pile was stabilized in placeamended soils would be resistant to freeze-thaw
by consolidating the size of the existing pile, angycles. Since the laboratory analyses were incon-

Cell Dimensions

Site Specific Cell Design Features

Rob Pit Pile Erosion Protection

1000 Feet

300 Meters

Ditch No. 1

43




clusive, it was decided to include a frost prote&ome erosion is expected to occur at the outlet of
tion layer rather than proceed with another routite main ditch (ditch number 1). The key trench
of testing. It was determined that the silty saridr the outlet of this ditch, which is 10 feet (3
used on this site, when amended with bentoniteeters) deep, was designed to allow erosion and
had some resistance to the detrimental effectsaofjustment of the riprap by undercutting without
freeze-thaw cycles; however, the data did not iimpacting the performance of the ditch.

dicate that the reliability on this resistance was ad-

equate for design, and a frost protection layer was

still required. Unamended silty sand from the same

nearby soil pile used to produce radon barrier ma-

terial was used to construct the frost protection

layer.

Drainage Ditches and Erosion Protection Rock

Four gullies, tributaries to Johnson Wash, are lo-
cated just southeast of the Maybell disposal cell.
Gully number two was determined to have pre-
dated the uranium processing activities on this site,
and early aerial photographs indicate that this gully
extended beneath the area of the present Maybell
tailings pile. Design calculations indicated that
potential headward growth of these gullies to the
toe of the Maybell cell was unacceptable, and re-
sidual radioactive material in gully number two had
to be covered and maintained within the disposal
site.

Large size riprap was placed in these four gullies
to protect against headcutting of the existing gul-
lies towards the toe of the disposal cell.

Unlike the four gullies located southeast of the cell,
two swales located north and northeast of the em-
bankment are not critical to the cell as flow diver-
sion ditches. This is because the cell’'s main di-
version ditch (ditch number 1 on the drawings) was
designed to divert all of the flow from the upslope
drainage area without any flow by the north ditch.
This is the primary reason the main diversion ditch
appears so large. The two swales intercept sur-
face water runoff from the northern upland areas
and divert the flow around the cell into Johnson
Wash. Because of the small drainage areas and
their distance from the disposal cell, erosion pro-
tection materials were not placed in these two
swales. As a result, some erosion is expected in
these swales over the long term but should not, by
itself, impact the embankment performance.



Mexican Hat, Utah

Site Description is approximately 50 feet (15 meters) deep from its
highest to its lowest point.

The Mexican Hat disposal site is located on Na- N _

vajo Nation land at Halchita, Utah, approximatelpite Specific Cell Design Features

1.5 miles (2.4 kilometers) southwest of Mexican . )
Hat, Utah. Bentonite Amended Radon Barrier

Cell Dimensions Available soils in the vicinity of the Mexican Hat
site are predominately silty sands. These soils were
Approximately 2.5 million cubic yards (1.9 miltested and found that they could not meet the per-
lion cubic meters) of residual radioactive materiateability requirements for the radon barrier layer.
from the two Mexican Hat tailings piles were corFo correct this situation it was decided to mix com-
solidated in place. In addition, approximatelgnercially available powered bentonite clay with
928,000 cubic yards (710,000 cubic meters) of Hlecally available soils. The resulting soil-bento-
sidual radioactive material was moved from thate mixture was used to construct the radon bar-
Monument Valley, Arizona UMTRA site to therier for the Mexican Hat disposal cell. This was
cell. The above ground disposal cell is roughthe first site where a pug mill was used to mechani-
pentagonal in shape and covers approximately &Bly mix the soil and powdered bentonite clay to
acres (27 hectares). It abuts a steep ridge to phevide a uniform, reproducible mixture each day
south and rises to a height of 50 feet (15 metee§)production. This process was very important in
above the surrounding terrain to the north, eagtpducing a uniformly low permeability cover layer
and west. The cell is approximately 2,700 feet (82@ross the entire disposal cell.
meters) long and 1,700 feet (520 meters) wide. It
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The active clay mineral in powdered bentonite cldgyer.

thgt produces low perm_eab?lity IS a smectite Cl%\(pron Depth Varies
mineral called montmorillonite. The product that
is commercially known as Wyoming bentonite hahe depth of the key trench varies beneath the
approximately 70 to 80 percent of this active moniprap apron at the toe of the side slopes on the
morillonite clay ingredient. A Utah “bentonite”north and south sides of the tailings embankment.
source, referred to as Redmond clay, was used'tiis depth variation occurs because the apron is
produce the radon barrier material for the Mexkeyed into competent bedrock that is encountered
can Hat site. This Redmond clay was locally avad#t varying depths around the perimeter of the dis-
able and much less expensive than Wyoming bewsal cell. Erosion gullying beyond the disposal
tonite. However, it contains less montmorilloniteell’s apron is expected to a degree, but estimates
than a typical Wyoming bentonite, and more of df erosion rates indicate that it should not be a threat
had to be used to prepare a suitable soil-bentondgehe performance of the embankment.

mixture. Cost analyses indicated that using the ) )
Utah bentonite in the soil mixture provided tha@andstone in North Arroyo and West Ditch

most cost-effective means of achieving the permgack quality (with respect to hardness and resis-
ability requirements for the cell design. tance to weathering) of the large sandstone boul-
ders placed in the north arroyo and west of the col-
lection ditch was not an erosion protection design
The cover system designed for the Mexican Habtue. The rocks are not a part of the disposal cell’'s
site does not include a frost protection layer. éprap erosion protection layer; rather they are in-
frost protection layer was not included for two reaended as sacrificial energy dissipating rock that is
sons. First the depth of anticipated frost penetrsot critical to the performance of the disposal cell.
tion at Mexican Hat site was not estimated to be

great, and second, published research in tiatural Seepage Around Cell

geotechnical literature indicated that the permealiiior 1o construction at the Mexican Hat site, natu-
ity of the bentonite amended silty sand soil Mixz| seeps were observed by UMTRA geologists in
ture would not be affected by freeze-thaw cyclgge North Arroyo, Gypsum Wash and the gully
Later research and testing performed in assoGigytheast of the disposal cell site. The presence of
tion with the design of the Maybell, Colorado Sitg,ese seeps also was indicated in aerial photographs
indicated that although the permeability of clegRat predated the establishment of uranium mill-
sands mixed with bentonite are not significantiyg activities at the Mexican Hat site. The water
affected by freezing and thawing, the permeabjyajity of these seeps was tested and no signifi-
ity of some silty sands mixed with bentonite Maynt correlation of chemical constituents in the seep
be affected if they are “hard” frozen. water with the tailings pore water chemistry was

Cell Tied into South Ridge observed.

No Frost Protection Layer in Cover

The upper edge of the riprap erosion protection
for the tailings embankment is tied into a sand-
stone ridge located south of the disposal cell. At
this location, there is a wide band of Type B riprap
(which has particle diameters of eight inches [20
centimeters] or less) at the contact with the ridge.
Some accumulation of spalling and gully debris
from the ridge on to the top of the embankment is

anticipated, although it is not expected to be detri-
mental to the function of the erosion protection



Naturita, Colorado

Site Description feet (24 meters) above the bottom of the pit, and is
approximately 830 feet (253 meters) long and 820

The Naturita disposal site is located on land fdeet (250 meters) wide.

merly owned by Umetco Mineral Company. The

Department of Energy acquired the disposal si#g part of the purchase price of the Upper Burbank

land via valuable consideration on June 16, 19%fte, the Umetco Minerals Company also provided

The sale consisted of 26.6 acres (10.8 hectarels¢ remedial action plan and final design for the

The disposal site is called the Upper Burbank Reisposal cell and made required design changes

pository and is located approximately 15 miles (2#uring construction.

kilometers) northwest of the town of Naturita, - ]

Colorado. The cell was constructed approximate%}te Specific Cell Design Features

north of and adjacent to Umetco’s UMTRA Title
Il disposal cell. North Interceptor Channel

Cell Dimensions The interceptor channel north of the disposal cell

is a critical design element. The channel diverts
The Upper Burbank disposal cell is located in tlanoff from upland areas and thereby reduces ero-
north end of a rock quarry developed by Umetcsion protection requirements for the cell. It should
Being a quarry pit, the site is essentially a lar@pe maintained clear of debris and blockage. If fu-
hole excavated into solid bedrock along the southire mining activities significantly increase the
ern rim of Club Mesa with rock slopes on thregrainage area contributing rainfall runoff to the
sides. The cell occupies 10 acres (4.1 hectares) aocth interceptor channel, a reevaluation of its hy-
is roughly rectangular in shape. It rises some 8faulic design should be performed.

Channel 1
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Buffer Zone between Title | and Title 1l Cells lack of a nearby source of larger rock sizes with
high durability rating scores. Excess, large size
A buffer zone consisting of a compacted soil dikeck from the Cheney (Grand Junction) disposal
and a ditch were designed and constructed for thite was imported for protection of limited, criti-
site to separate the Title | and Title 1l disposal celisal areas where the sandstone rock could not be
The compacted soil dike was keyed into shale besed. The Cheney rock is basalt and is distin-
rock, and compacted into the northern slide slogaished from the sandstone by its dark gray color.
and toe area of the existing Title 1l disposal cell(The Cheney disposal site rock had previously been
Side Wall Clay Liner shOV\_/n to have adequa_lte d_urability and was avail-
able in adequate quantity without approval as a new

Since the Upper Burbank disposal cell was cosource.)

structed in a preex!stlng rqck pit, there was SOMB1e Adit under Title 1l Cell

concern among project designers that leachate from

the UMTRA cell could seep laterally into the bedan adit is located under the west edge of the
rock sidewalls. Therefore, a side wall clay linegdmetco Minerals Company’s Title Il cell, but it
was constructed below grade to block lateral flowi®es not extend under or near the UMTRA Title |
into or out of the tailings from the adjacent beaell. This adit was originally constructed to drain
rock. Computer programs were used to modalbsurface waters away from the base of the
seepage into and out of the disposal cell. TiBsirbank Pit so that Umetco could excavate the pit
modeling predicted that very little, if any, wateas a source of sandstone rock.

buildup would occur at the base of the cell.

Drains Not Designed for Probable Maximum Flood

Standpipe Reduced design criteria were used for the last (most
A polyvinyl chloride standpipe was installed neafowngradient) segment of Channel Number 1 be-
the northeast corner of the disposal cell to deteeluse the potential for adverse impacts to the Title
rainfall or transient drainage water buildup thatcell is very small. The last segment of Channel
might occur at the bottom of the cell during corNumber 1, (i.e., the low flow section) is designed
struction. This standpipe was left open at the fier a 25 year storm, not the probable maximum
quest of the State of Colorado. Computer modélbod. The last segment of Channel Number 1 is
ing predicted that very little, if any, water builduplown gradient of the Title | cell, and the begin-
would occur at the base of the cell during its dring of the last segment is located approximately
sign life. The standpipe will be monitored undeg00 feet (60 meters) from the intersection with
the Long Term Surveillance Program. county road EE22.

Sandstone Used for Energy Dissipation

Sandstone rocks (sized at a 50 percent diameter of
36 inches [90 centimeters]) for energy dissipation
purposes were placed upgradient of the drainage
ditches around the disposal cell and also up gradi-
ent of the diversion channel for energy dissipation
purposes. With these walls of sandstone rock re-
ducing the energy from sheet flow surface runoff,
available smaller rock could be utilized in the con-
struction of the drainage ditches and the diversion
channel. The lesser quality sandstone ledge rock
from the Umetco borrow site was used due to the



Rifle, Colorado

Site Description tion, the cell design had to include special consid-
erations of cell stability and measures to prevent a
The Rifle disposal cell is located at the Estes Gulstirface expression of leachate from the toe of the
site approximately seven miles (11 kilometersljownhill slope. To obtain material for the con-
north of the town of Rifle, Colorado. struction of the cell’s frost barrier and radon bar-
rier layers and to expose more permeable unweath-
ered bedrock, the bottom of the cell was excavated
The cell occupies 71 acres (28.7 hectares),bglow grade into bedrock in the downslope lower
roughly triangular in shape and is constructed p#aalf of the cell.
tially below grade. It rises 76 feet (23 meters)
above the surrounding terrain, and is approximat@gcause of transient drainage water encountered
3,200 feet (975 meters) long and 2,900 feet (880the toe of the Durango, Colorado, cell, there was
meters) wide. It is approximately 87 feet (26oncern that the below grade bowl-shaped bottom
meters) from its highest point to its lowest pointof the Rifle cell would act as a “bath tub,” to col-

. - . lect transient drainage, and result in an overflow
Site Specific Cell Design Features at the base of the downhill slope. To address this
concern several innovative tests and analyses were
performed to check the cell design. The perme-
The site selected for the Rifle disposal cell was thbility of the steeply dipping bedrock strata was
optimal site from a local political point of view,testedn situby use of special SDRIs (sealed double
but was not an optimal location from an engineaing infiltrometers) tests. Special laboratory test-
ing standpoint. Because of the site’s hillside locerg and apparatus were used to evaluate the per-

Cell Dimensions
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meability of radon barrier clay amended with #brmation, that will expedite the downward perco-
percent by weight of Wyoming bentonite claylation of tailings drainage.

State-of-the-art unsaturated flow modeling wasI h lecti q | svst
performed to predict leachate levels in the corfi-'€achate collection and removal system was con-

pleted cell. Large diameter (18 inch [46 centimatructed at the south end of the disposal cell in the

ters]) standpipes were installed and monitored‘?ﬁow'” area at the tailings/bedrock interface. The

verify performance of the completed disposal cefiOllECtion system consists of a sand drain blanket
fyp P P and collector rock drains. Three 18-inch (46 centi-

To prevent lateral seepage from the toe area of theters) diameter monitoring/pumping wells were
disposal cell during the build up of transient draiinstalled as part of the leachate collection/removal
age in the cell, a temporary high density polyetBystem. The high density polyethylene (HDPE)
ylene (HDPE) liner was installed on the excavategepage cutoff liner installed at the downstream
slope at the toe of the cell. The amount of wati@ce of the excavation trench contains leachate
anticipated to collect in the Rifle disposal cell wagithin the disposal cell foundation so that it can
greater than any of the other UMTRA sites becaus@ monitored and pumped out if necessary. These
the Rifle cell has more wet “slime” tailings thaiemporary provisions were made to alleviate
any of the other relocated UMTRA cells. Desigiuclear Regulatory Commission concerns about
analysis, construction and monitoring of the Riffde “bathtub” effect in the disposal cell founda-
cell were all impacted by modifications made tidon.
prevgnt water from collecting in qnc_l seepi_ng OB 1sion Control Features
of this cell. Although geosynthetic liners did not
meet the longevity requirements for permanent u&e interceptor ditch was built at the north end of
in controlling seepage from UMTRA cells theyhe disposal cell to intercept drainage from the area
were suitable for use as a temporary liner at tabove the cell and discharge it in a westerly direc-
toe of the Rifle cell. Calculations were made tion, away from the disposal cell. The design ap-
estimate how high water would collect in the caliroach is that future erosion will progressively
from transient drainage. Calculations were alfacise into the underlying alluvium and Wasatch
made to estimate how long it would take for equbedrock formation, until it reaches a stable eleva-
librium of pore water in this cell to be establishetion. The direction of gully incision would be from
and for transient water to flow into the foundatiothe west (the outlet) towards the east (upper end)
of the cell. The liner installed at the toe of thef the ditch. This would not affect the disposal
disposal cell was designed to act like a dam, agell, which is south of the ditch. The ditch gradi-
prevent seepage of transient drainage water fremt is relatively steep (greater than 15 percent),
the toe of the cell. Computer modeling predictaghich is expected to prevent the ditch from being
that the water level in the disposal cell will falblocked by sediment or debris which could cause
below the bottom level of the liner in approximatelffows to be diverted onto the tailings embankment.
25 years. Accelerated aging test data provided by
the liner manufacturer indicates that the materighe top of the disposal cell was constructed flush
has a projected life of 30 to 50 years. with the adjacent ridges on the east and west to
avoid runoff from these features onto the disposal
The deep excavation at the south end of the digll top slope, which could create flow concentra-
posal cell forms a “bowl” shaped structure whictions on the riprap.
is used to collect, contain and control release of
leachate from the cell as discussed above. Addi-
tional foundation excavation was conducted in the
“bowl” area to expose a more permeable sandstone




Salt Lake City, Utah

Site Description ing the disposal cell conditions, especially the cover
that was reworked in 1996 prior to Nuclear Regu-

The South Clive disposal site is located approxatory Commission approval of the site. (The

mately 70 miles (113 kilometers) west of Salt Lak@mpletion report includes an appendix that de-

City, Utah. scribes final remedial work performed prior to li-
Cell Di . censing.) The Engineering Assessment was based
el imensions on the as-built conditions, i.e., a performance as-

The disposal cell is approximately 54 acres (Z2ssment of the construction, as opposed to the
hectares) in size, rectangular in shape, and ctfpical UMTRA project approach of design ap-
structed partially below grade. It rises 35 feet (f@oval and construction compliance. The perfor-
meters) above the surrounding terrain, and is dpance assessment was required because some
proximately 2,100 feet (640 meters) long and 1,1it8ms did not conform to the approved design and
feet (340 meters) wide. Itis approximately 40 feeecause state documentation for design compliance
(12 meters) deep from its highest to its lowest poititas lacking for other items.

Site Specific Cell Design Features Some examples of items that were addressed in
. . . _ the Engineering Assessment are as follows:
Design and construction of the Clive disposal cell

was performed by the State of Utah. A. A key item was the riprap size that was

placed. Available documentation indicated
Knowledge of the MK Engineering Assessment  that the riprap size did not conform to the
of the Clive disposal cell is essential for evaluat-  original construction specification in the State
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of Utah design. Measurements and calcula- is not considered necessary for technical pur-
tions performed during the UMTRA Reme-  poses. Excessive settlement or subsidence of
dial Action Contractor’'s Engineering either the embankment or the foundation is
Assessment showed that the as-placed riprap considered to be improbable.

sizes, although smaller than specified, are ad-

equate. Degradation of Outer Perimeter Ditches

. Irregularities in the as-built riprap surfac®egradation of the condition of the outer perim-
were assessed, and irregularities that cowdter ditches at the site is not considered to be a
affect the performance of the disposal cgbotential problem. The outer perimeter ditches are
were repaired. The irregularities that remamot essential to the performance of the disposal cell,
were not considered detrimental to the longpecause they were not designed for long term ero-
term performance of the tailings embanlsion protection of the tailings embankment.
ment. The riprap was determined to be stable
with the small flow concentrations that coul@onded Water in Perimeter Ditches
occur in the irregularities that were not re-
paired. Ponded water in perimeter ditches should not im-

pact long term stability of the disposal cell. Riprap

. Soll visible in riprap may be unsightly buguality is adequate to resist degradation from
the above-cited engineering assessment cireeze-thaw in frequently saturated areas.
cluded it is not a cell performance issue.

Some soil is mixed with the riprap and is viProximity of Other Waste Disposal Activities

ible from the surface at various small, iso-

lated locations. Sufficient riprap exists at th@ne nontypical characteristic of the Department

locations where soil was visible based oof Energy disposal site at South Clive, Utah is the

several checks that were made by diggimgoximity of other waste disposal landfill activi-

into the soil/riprap mixture. ties. Design features, other than the typical secu-
rity fence and the bollards around some survey

. The required average radon barrier thicknes@numents, were not constructed specifically to
is approximately two feet (60 centimetersyeduce the potential for impacts from nearby hu-
An average of approximately seven feet (dan activity. Encroachment by construction and
meters) thick was placed and compacted wraste transfer activities in the surrounding areas
this cell, according to quantity records. Mas expected to be one of the more likely threats to
jor biological intrusion would be needed tdéhe condition of the disposal site. The effects of
cause an exceedence of the radon flux limihese activities should be monitored by long term
Long term surveillance and maintenance asdrveillance and maintenance personnel. Encroach-
tivities should include surveillance for ananent on the DOE site property has already oc-
prevention of large-scale biointrusion disturcurred.

bance of the radon barrier layer on this di%- ,
ully Erosion

posal cell.

Gully erosion is not expected to affect the disposal
. Settlement plate data indicated that post-carell. Formation of deep gullies that could advance
struction settlements were small. The sma#pidly towards the site by headcutting is consid-
settlements helped reduce concerns regaetled unlikely due to the small gradient of surround-
ing inadequate compaction of some of thag land and the relatively high regional base level.
tailings materials placed in the cell. Contin-
ued monitoring of settlement plates on the cell




Shiprock, New Mexico

Site Description maximum precipitation. The ground surface adja-
cent to the ditches was considered unlikely to be
The Shiprock disposal site is located on approxroded by infrequent ditch overflow, and the avail-
mately 80 acres (32 hectares) of Navajo Nati@dle rock sizes were not large enough for a full
land adjacent of the south bank of the San Juyatiobable maximum precipitation design. There-
River in the town of Shiprock, New Mexico. fore, the ditches were designed to spill excess flow
) ] over the outside edges before the flow rate exceeds
Cell Dimensions the maximum flow rate for riprap stability.

The residual radioactive materials was stabiliz&ltches Near Cliff above San Juan River

in place. The above ground disposal cell covers

approximately 77 acres (31 hectares) and is Ritches along the side of the tailings embankment
asymmetrical pentagon. The cell is approximatatgar the cliff above the San Juan River were lined
2,150 feet (655 meters) long by 1,700 feet (52@dth compacted clay to reduce any seepage that
meters) wide are rises some 48 feet (15 metargpht travel laterally and exit at the face of the
above the original ground surface. cliff.

Site Specific Cell Design Features Radon Barrier Thickness

Ditches Designed for Half of Probable Maximum dv sil | | I ilable f )
Precipitation Sandy silty soils were locally available for use in

constructing the cover for the Shiprock disposal
The northeast and northwest ditches adjacentctdl. On several cells designed later in the UMTRA
the cell were designed for one-half of the probalpeoject, powdered bentonite clay was mixed with
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the locally available soil to construct a low perme-
ability radon barrier layer. Without using bento-
nite additive for this disposal cell cover, a much
higher radon diffusion coefficient had to be used
in the design. As a result the radon barrier layer
used on the Shiprock disposal cell is seven feet
(2.1 meters) thick on the side slopes and six feet
four inches (1.9 meters) thick on the top slope ar-
eas. The amount and placement of less contami-
nated windblown and other material was not
sufficient to reduce the radon flux substantially
from the more contaminated tailings. Measure-
ments of radioactivity after contaminated material
placement were used to optimize the radon barrier
thickness.



Slick Rock, Colorado

Site Description Site Specific Cell Design Features

The Burro Canyon disposal site is located on pubisposal Cell Placed Below Grade

lic land formally administered by the Bureau of

Land Management. The disposal site covers apest of the disposal cell is below grade. The bot-
proximately 76 acres (31 hectares) and is locatesin of the cell slopes toward the southeast. Both
approximately three miles (5 kilometers) northeagte bottom and sides of the cells are unlined. The
of Slick Rock, Colorado. relatively deep excavation was performed for the
following reasons:

Cell Dimensions

. ) . ) 1. To obtain radon barrier material.
The residual radioactive material was relocated to

the Burro Canyon site from two uranium process-2. To reduce the overall surface area of the cell,
ing sites located near Slick Rock - the Union Car-  which required less radon barrier and riprap,
bide site and the North Continent side. The disposal  and allowed smaller riprap rock sizes to be
cell covers 12 acres (4.9 hectares) and is roughly ysed.

rectangular in shape. The cell is approximately

900 feet (275 meters) long by 650 feet (200 metersB. To allow some transient seepage to saturate
wide. It rises some 65 feet (20 meters) above the the lower portion of the tailings without al-
surrounding terrain and is approximately 95 feet lowing the saturated zone to contact one of
(30 meters) deep fromiits highest to its lowest point.  the more permeable rock strata.
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Standpipes

Experience at other UMTRA project sites indicated
that pore water could accumulate within the con-
taminated materials during and shortly after con-
struction. Therefore, four standpipes were origi-
nally installed in the placed tailings to check if the
prediction of minimal buildup of saturation was
accurate. Standpipe data indicated significantly
higher water levels than the predicted water lev-
els. However, the standpipes may not have indi-
cated the true piezometric levels in the surround-
ing tailings due to their construction, which may
have allowed surface water to seep and collect in
the stand pipes. Measurements eventually showed
a slow drop off in the pore water levels, indicating
that the pore water was seeping out of the cell faster
than seepage was accumulating in the standpipes.

Two of the standpipes have been sealed and aban-
doned. The two remaining standpipes will be used
to monitor the level of transient drainage in the
cell.

Key Trench Drainage

The key trench for the apron was constructed
around the perimeter of the cell to a low point on
the southeast side of the cell. A wide drainage
blanket was constructed to prevent significant sur-
face erosion at the location where drainage occa-
sionally exits the key trench. Rills and wet spots
beyond the drainage blanket are not considered a
threat to the cell stability.

Livestock Watering Pond

The livestock watering pond was planned to be left
indefinitely, (i.e., the pond is not considered a tem-
porary feature which is planned to be backfilled).



Spook, Wyoming

Site Description Site Specific Cell Design Features

The disposal site is approximately 32 miles (5here are no unique engineering features associ-
kilometers) northeast of Glenrock, Wyoming. Thgted with the design and construction of the Spook
site covers approximately 55 acres (22 hectareg)sposal cell. The contaminated materials are bur-
ied in an open pit uranium mine. The tailings are
covered with a 1.5-foot (46 centimeters) thick, low-

The Spook disposal site contains residual radiog&'meability layer and then covered by a ten-foot
tive material that was stabilized on the former mffhree meter) thick high permeability layer. The

site. The disposal cell is roughly oval in shaﬁ‘é‘t're cell was ther.1 buried yvlth 35 to 55 feet (10
and is approximately 740 feet (225 meters) lokg 17 meters) of soil. The site’s surface was con-
by 550 feet (170 meters) wide. The cell is 54 fel@ured to approximate pre-mining topographic con-
(16 meters) deep from its highest to its lowest poifftions and seeded with native grasses.

The disposal cell is not visible at the surface be-

cause it was covered by 55 feet (17 meters) of back-

fill as part of the State of Wyoming’s mine recla-

mation program.

Cell Dimensions
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Tuba City, Arizona

Site Description Site Specific Cell Design Features

The Tuba City disposal site is located within Nditch Design

vajo Nation land and is approximately 5.5 miles

(9 kilometers) east of Tuba City, Arizona. The 58 drainage ditch on the north and west sides of the
acre (19 hectares) disposal cell is located on ttedl directs runoff water away from the site. Sedi-
145 acre (54 hectares) disposal site. ment is expected to accumulate in the ditches due
to material transported into the ditches by either
runoff water or wind. Ditches were designed for
The residual radioactive material was stabilized éslequate flow velocities that would flush any sedi-
place. The above-ground disposal cell was conent accumulations.

structed on gently sloping terrain and is roughly

triangular in shape. It rises 44 feet (13 meters)

above the surrounding terrain and is 2,200 feet (670

meters) long by 1,585 feet (480 meters) wide.

Cell Dimensions
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Project Office, Albuquerque Operations Office, Alouquerque, New Mexico.

e Long-Term Surveillance Plan for the Collins Ranch Disposal Site, Lakeview, QEQén Sep-
tember 1994, DOE/AL-62350-19F, DOE UMTRA Project Office, Albuquerque Operations Of-
fice, Albuguerque, New Mexico.

Lowman, ldaho

e Remedial Action Plan and Site Conceptual Design for Stabilization of the Inactive Uranium Mill
Tailings Site at Lowman, Idah®OE, September 1991, DOE/AL-050512.0000, DOE UMTRA
Project Office, Albuquerque Operations Office, Albuguerque, New Mexico.

e Lowman, Idaho, Completion RepdvtK-Ferguson, September 1992, DOE UMTRA Project Of-
fice, Albuguerque Operations Office, Albuquerque, New Mexico.

e Long-Term Surveillance Plan for the Lowman, Idaho, Disposal 3@, April 1994, DOE/AL-
62350-36, DOE UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New
Mexico.

Maybell, Colorado

e Remedial Action Plan and Site Design for Stabilization of the Inactive Uranium Mill Tailings
Site, Maybell, ColoradoDOE, December 1996, DOE/AL-62350-24F, DOE UMTRA Project
Office, Albuquergue Operations Office, Albuquerque, New Mexico.

e Maybell, Colorado, Final Completion ReppiNIK-Ferguson, December 1998, DOE UMTRA
Project Office, Albuquerque Operations Office, Alouquerque, New Mexico.



e Long-Term Surveillance Plan for the Maybell, Colorado, Disposal BigE, December 1997,
DOE/AL-62350-247, DOE UMTRA Project Office, Albuguerque Operations Office, Albuquer-
gue, New Mexico.

Mexican Hat, Utah

¢ Remedial Action Plan for the Codisposal and Stabilization of the Monument Valley and Mexican
Hat Uranium Mill Tailings at Mexican Hat, UtalbOE, February 1993, DOE/AL-050509.0000,
DOE UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New Mexico.

e Mexican Hat, Utah, and Monument Valley, Arizona, Completion Repi¢tFerguson, April
1997, DOE UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New Mexico.

e Long-Term Surveillance Plan for the Mexican Hat Disposal Site, Mexican Hat, D@iB, Janu-
ary 1997, DOE/AL-62350-207, DOE UMTRA Project Office, Albuguerque Operations Office,
Albuquerque, New Mexico.

Naturita, Colorado

e Remedial Action Plan for Stabilization of the Inactive Uranium Processing Site at Naturita, Colo-
rado, DOE, March 1998, DOE/AL-62350-249, DOE UMTRA Project Office, Albuguerque Op-
erations Office, Albuquerque, New Mexico.

e Remedial Action Plan and Site Design for Stabilization of the Naturita Title | Residual Radioac-
tive Materials at the Upper Burbank Repository, Uravan, Colorasloetco Minerals Corpora-
tion, March 1998, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque,
New Mexico.

e Naturita, Colorado, Final Completion ReppiK-Ferguson, November 1998, DOE UMTRA
Project Office, Albuquerque Operations Office, Alouquerque, New Mexico.

e Long-Term Surveillance Plan for the Upper Burbank Disposal Cell, Uravan, Colp20&,
July 1999, DOE/AL-62350-250, DOE UMTRA Project Office, Albuquerque Operations Office,
Albuquerque, New Mexico.

Rifle, Colorado

e Remedial Action Plan and Site Design for Stabilization of the Inactive Uranium Mill Tailings Site
at Rifle, Colorado DOE, March 1995, DOE/AL-050506.0000, DOE UMTRA Project Office,
Albuquergue Operations Office, Albuquerque, New Mexico.

¢ Rifle, Colorado, Final Completion ReppkMK-Ferguson, November 1997, DOE UMTRA Project
Office, Albuquerque Operations Office, Albuquerque, New Mexico.

e Long-Term Surveillance Plan for the Estes Gulch Disposal Site Near Rifle, Col@r@dg July
1997, DOE/AL-62350-235, DOE UMTRA Project Office, Albuquerque Operations Office, Al-
buquerque, New Mexico.



Salt Lake City, Utah

Remedial Action Plan and Site Conceptual Design for Stabilization of the Inactive Uranium Mill
Tailings Site at Salt Lake City, UtaDOE, December 1984, DOE/AL-050502.0141, DOE UMTRA
Project Office, Albuquerque Operations Office, Albuguerque, New Mexico.

Modifications 1, 2, 3, and 4 to the Remedial Action Plan and Site Conceptual Design for Stabili-
zation of the Inactive Uranium Mill Tailings Site at Salt Lake City, UOE, January 1995,
DOE UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New Mexico.

Completion Report for the UMTRA Project Vitro Site, Salt Lake City,, W&k Ferguson, June
1997, DOE UMTRA Project Office, Albuguerque Operations Office, Albuquerque, New Mexico.

Salt Lake City, Utah, Final Completion RepdvtK-Ferguson, 1997, DOE UMTRA Project Of-
fice, Albuguerque Operations Office, Albuquerque, New Mexico.

Long-Term Surveillance Plan for the South Clive Disposal Site, Clive, D@k, September
1997, DOE/AL-62350-228, DOE UMTRA Project Office, Albuquerque Operations Office, Al-
buquerque, New Mexico.

Shiprock, New Mexico

Remedial Action Plan and Site Conceptual Design for Stabilization of the Inactive Uranium Mill
Tailings Site at Shiprock, New MexjdaOE, June 1985, DOE/AL-050504.0039, DOE UMTRA
Project Office, Albuquerque Operations Office, Albuguerque, New Mexico.

Modification 1 to the Remedial Action Plan and Site Conceptual Design for Stabilization of the
Inactive Uranium Mill Tailings Site at Shiprock, New MexiB®E, October 1985, DOE/AL-
050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

Modification 2 and 3 to the Remedial Action Plan and Site Conceptual Design for Stabilization of
the Inactive Uranium Mill Tailings Site at Shiprock, New MexIBOE, February 1986, DOE/
AL-050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque,
New Mexico.

Modification 3A to the Remedial Action Plan and Site Conceptual Design for Stabilization of the
Inactive Uranium Mill Tailings Site at Shiprock, New MexiD®E, September 1986, DOE/AL-
050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

Modification 4, Attachment 1 to the Remedial Action Plan and Site Conceptual Design for Stabi-
lization of the Inactive Uranium Mill Tailings Site at Shiprock, New MeXixOE, June 1988,
DOE/AL-050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albu-
querque, New Mexico.

Modification 4, Attachment 2 to the Remedial Action Plan and Site Conceptual Design for Stabi-
lization of the Inactive Uranium Mill Tailings Site at Shiprock, New MeXi@E, October 1989,
DOE/AL-050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albu-
guerque, New Mexico.



e Modification 5 to the Remedial Action Plan and Site Conceptual Design for Stabilization of the
Inactive Uranium Mill Tailings Site at Shiprock, New MexiB®E, October 1986, DOE/AL-
050504.0039, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquerque, New
Mexico.

e Shiprock, New Mexico, Uranium Mill Tailings Site Remedial Action Completion Réidrt
Ferguson, August 1987, DOE UMTRA Project Office, Albuquerque Operations Office, Albu-
querque, New Mexico.

e Long-Term Surveillance Plan for the Shiprock Disposal Site, Shiprock, New Me£&g Sep-
tember 1994, DOE/AL/62350-60F, DOE UMTRA Project Office, Albuquerque Operations Of-
fice, Albuguerque, New Mexico.

Slick Rock, Colorado

e Remedial Action Plan and Site Conceptual Design for Stabilization of the Inactive Uranium Mill
Tailings Site at Slick Rock, ColoraddOE, August 1996, DOE/AL-62350-21F, DOE UMTRA
Project Office, Albuquerque Operations Office, Alouquerque, New Mexico.

e Slick Rock, Colorado, Final Completion RepdfiK-Ferguson, March 1997, DOE UMTRA Project
Office, Albuquergue Operations Office, Albuquerque, New Mexico.

e Long-Term Surveillance Plan for the Burro Canyon Disposal Cell, Slick Rock, Cojdp&uis,
May 1998, DOE/AL/62350-236, DOE UMTRA Project Office, Albuguerque Operations Office,
Albuquerque, New Mexico.

Spook, Wyoming

e Remedial Action Plan for Stabilization of the Inactive Uranium Mill Tailings Site at Spook, Wyo-
ming, DOE, July 1989, DOE/AL-050515.0000, DOE UMTRA Project Office, Albuquerque Op-
erations Office, Albuquergque, New Mexico.

e Spook, Wyoming, Completion Report FjidK-Ferguson, October 1991, DOE UMTRA Project
Office, Albuquergue Operations Office, Albuquerque, New Mexico.

e Long-Term Surveillance Plan for the Spook, Wyoming, DisposalC#itg, January 1993, DOE/
AL-350215.0000, DOE UMTRA Project Office, Albuguerque Operations Office, Albugquerque,
New Mexico.

Tuba City, Arizona

¢ Remedial Action Plan and Site Design for Stabilization of the Inactive Uranium Mill Tailings Site
at Tuba City, ArizonaDOE, August 1989, DOE/AL-050518.0000, DOE UMTRA Project Of-
fice, Albuguerque Operations Office, Albuquerque, New Mexico.

e Tuba City, Arizona, Final Completion RepdvtK-Ferguson, April 1995, DOE UMTRA Project
Office, Albuquergue Operations Office, Albuquerque, New Mexico.



e Long-Term Surveillance Plan for the Tuba City, Arizona, Disposa) B, October 1996,
DOE/AL-62350-182, DOE UMTRA Project Office, Albuquerque Operations Office, Albuquer-
gue, New Mexico.

General Design Document

e Technical Approach DocumemOE, December 1989, DOE/AL-050425.0002, DOE UMTRA
Project Office, Albuquerque Operations Office, Albuguerque, New Mexico.
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